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ABST:RACT 
This study evaluates the physical environment of the Mannford area, 
Oklahoma, which has experienced a 214 per.cent growth since 1959, in 
terms of the geologically determined or influenced variables affecting 
land-use planning. A series of 12 maps has been produced to increase 
the knowledge and understanding of the environmental geology of the 
Mannford area. 
The Mannford area is situated irt east-central Oklahoma, adjacent to 
Keystone Reservoir, in the Eastern Sandstone Cuesta Plains. The topog-
raphy is dominated by a series of sandstone-capped benches. Drainage is 
basically dendritic and intermittent. Sandy terrace deposits of the 
Cimarron River and of Salt Creek occur as remnants above reservoir level. 
Silty terrace deposits occur along the intermittent tributaries of Salt 
Creek. 
The climate generally poses little problem in construction. Periods 
of excessive precipitation in the Spring and Winter ice and snow storms 
occasionally may interfere with construction schedules. 
Bedrock in the study area consists of approximately 220 ft, of 
alternating sandstones and shales of Upper :Pennsylvanian age, which 
dip westward at approximately 40 ft./mi, The Wann, Barnsdall, and 
Tallant Formations consist of medium- to very fine-grained sandstones 
and sandy to silty shales. The Vamoosa, the uppermost formation in the 
area, is a coarse- to fine-grained sandstone which overlies the 
Tallant in the western part of the area. Unconsolidated surficial de-
1 
posits, excluding pedol9gic soils, cover approximately 50 per cent of 
the study area and include· colluvium, flood plain and terrace alluvium, 
and artificial fill. Two dominant joint sets, averaging N.4o0 w. and 
0 . 
N.50 E, have had a moderate effect on the area's dendritic drainage, 
Soils in the area, of the Cross Timbers Pedologic Province and the 
Darnell-Stephenville and Dougherty-Teller-Yahola Soil Associations, are 
2 
light-colored and moderately leached. A moderate to good correlation is 
found between the engineering properties of the soils and their parent 
materials. 
The only significant sources of ground water known to occur in the 
area are 2 sandstone aquifers in the middle part of the Wann Formation. 
It is possible, however, that other aquifers occur at greater depth. 
Intermittent springs and seeps pose local problems to roadbeds, base-
ments, and foundations in the study area where they occur in conjunction· 
with moderately to highly plastic soils~ 
A series of 12 maps, prepared at a scale of 1:12,000, charac-
terize the study area's environmental geology and its application to 
specific land uses. These factor maps depict: 
Topography--indicates the changes in elevation on a 10-ft. 
contour interval and shows the works of man. 
Drainage--shows the network of intermittent streams which must 
be considered in the planning of storm drainage networks. 
Slope--shows the distribution of slopes of various amounts; 
economic costs increase substantially when slopes greater 
than 5 per cent are altered for structures. 
Bedrock geology--provides a picture of the location, type, and 
character of the bedrock in the area as if all unconsolidated 
deposits had been removed. 
Surficial geology--identifies the type, character, and distri-
bution of bedrock, alluvium, colluvium, and artificial fill 
as if all pedologic soils had been removed. 
Soil--shows the distribution and textural character of pedo-
logic soils in the area and serves as a base map for other 
soil~related factor maps. 
Depth to bedrock--shows the distribution and thickness of 
regolith and where bedrock may interfere with subsurface 
construction. 
Erosion susceptibility--divides the study area into zones of 
varying erosional susceptibility. 
Corrosivity potential--shows zones of varying corrosivity for 
uncoated steel pipe and identifies particularly corrosive 
areas where composition or coated steel pipe should be con-
sidered. 
Recreational suitability--delineates zones of varying recre-
ational suitability, 
Plasticity of solum and of subsoil--shows the distribution of 
plastic soils expected to interfere with construction of 
roads, basements, and foundations. 
Geologic constraint--a suitability map incorporating data 
from the corrosivity, plasticity, depth to bedrock, and 
erosion susceptibility maps; divides the study area into 
areas having minor, moderate, and major geologic con-
straints for most engineering and planning purposes asso-
ciated with urban development. 
Potential environmental geologic problems include waste disposal 
and Keystone Reservoir pollution. Soil erosion is a problem. Slope 
stability and excavation problems occur locally where spring and seep 
conditions arrd plastic soils occur. 
the possibility Of ~~rthquakes d,qes exist. T'li.e probability of earth-
quakes that would be dangerous to life and property, however, is low, 
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INtRODUCTION 
This study summarizes the environmental geology of the Mannford 
area and discusses in some detail many of the geologically influenced 
problems associated with its rapid transition from a rural community to 
a satellite city of Tulsa, Oklahoma. Although the study concerns only 
the Mannford area, many of the techniques presented can be applied to 
similar areas. 
Geological factors determine to a large degree an area's physical 
environment and thus often control or substantially affect the growth 
and development of a community. The physical development of urban areas 
is determined largely by engineers, architects, and plann~rs who must 
deal with the environment and the geologic factors affecting it. The 
physical environment is by necessity altered during community _develop-
ment. Structures of many kinds are built on, ~ith, or through geologi-
cal materials. Structures, covering areas formerly undeveloped, increase 
runoff and reduce natural infiltration and recharge of underground water. 
This increased runoff will require consideration in local drainage net-
works prior to construction. Supplies of water are depleted by use or 
contamination. Sand and gravel resources are consumed or covered by 
construction. 
As a city grows, less desirable sites are.generally bypassed. Many 
of these sites are undesirable because foundation conditions are poor. 
Adequate knowledge of local surficial geologic conditions enables the 
5 
engineer to overcome or at least minitnize the effects of poor foundation 
conditions, 
Long-range planning is a necessity in the development of urban 
areas. Planners need detailed geologic and hydrologic data in order to 
plan the efficient use of natural resources and to insure that community 
development harmonizes with the physical environment. 
Object.ives and Methods 
The primary objective of this study is to provide a comprehensive 
picture of the physical environment of the Mannford area for planning, 
engineering, and construction uses. This report is intended for use by 
laymen, politicians, engineers, planners, architects, geologists, and 
others. It is hoped that the study, one of the first of its kind in Okla-
homa, also will serve as a ·type-.example for future environmental studies 
in Oklahoma. Mannford was selected for an environmental geology study 
principally fo:r·2 reasons, the rapid population growth as a result of 
its proximity to Tulsa and the interest of the Mannford ·city government. 
Assessment of the physical environment in the Mannford area required 
the use of a variety of topographic, climatic, soil, and engineering 
geology data (Table 1). All available data, both published and unpub-
lished, were collected from the _Oklahoma Geological Survey, the United 
States Soil Conservation Service, the Oklahoma Highway Department, the 
U.S. Army Corps of Engineers, and the city of Mannford, The_se data were 
collected and systematized into a comprehensive picture of the physical 
environment of the Mannford area. Exilsting data were supplemented by 
field mapping of the sudicial and bedrock geology as well as a shallow 
seismic survey of the depth to bedrock. 
Table 1.-Physical factors considered in the environmental 







Depth to beprock 
Resistivity 
Drainage 





Factors modified from Hilpman and Stewart (1968). 
A series of 12 maps has been produced for the Mannford area which 
describe, at a scale of 1:12,000, many of the factors affecting the 
physical environment.of the Mannford area. These maps are generalized 
and are based, in part, on interpretation and judgment. While useful 
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for planning and other general purposes, the maps, engineering test data, 
and interpretations should not be relied upon for the evaluation of in-
dividual sites. On-site testing at individual sites is recommended to 
determine if they meet requirements for a specific project, 
The methods employed in producing the 12 factor maps are discussed 
at length in Appendix 3: Procedures and Problems Related to Factor Map 
Preparation (p. 84). Bedrock and soil engineering data are discussed 
in the Engineering Geology Data section, and detailed interpretations 
of environmental conditions are included in the Environmental Geology 
Interpretations section. A glossary (Appendix 1, p. 76) is included 
with brief definitions of the geologic te+rainology utilized in this re-
port. Technical terminology, however, is reduced to a minimum except 
where clarity would be sacrificed. 
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Location of Study Area 
The Mannford area is a 12 sq. mi. rectangle in northeastern Cimarron 
Township, Creek County, Oklahoma (Fig, 1). The area is located approxi-
mately 17 mi. west of Tulsa on Oklahoma Highway 5l and includes the Salt 
Creek arm of Keystone Reservoir and the corporate limits of Mannford, 
Oklahoma. 
Economic and Population Growth 
The current economic growth of the Mannford area is attributable to 
the recreational attraction of Keystone Reservoir, completed in 1964, and 
the anticipated good transportation routes to nearby Tulsa (Morgan, 
1970, p. 57). A recent survey of the Mannfor4 Public Schools shows a 
growth from 328 students in 1959 to 754 in November, 1971 (F. o. Stout, 
1971). The population of the Mannford area has increased 214 per cent 
since 1959, to approximately 1200 persons, and is expected by the United 
States Census Bureau to approach 20,000 to 30,000 residents by 1995 
(Morgan, 1970, p. 30, 58). 
Previous Investigations 
A report on the geology of Creek County, Oklahoma, which includes 
a geologic map of the county at a scale of 1:62,500, was published by 
the Oklahoma Geological Survey in 1959 (M. C. Oakes, 1959). The Creek 
County Soil Survey by Harvey C. Oakes (1959) provides soil information 
concerning soil distribution and texture. The soil map also serves as a 
base map for locating and grouping soils having similar engineering 
characteristics. Hilpman and Stewart (1968) conducted a pilot study to 
" 3 2 
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Fig. 1.-Location map of the Mannford area, Oklahoma 
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determine the extent to which geology could be incorporated into land-
use planning. Their paper provided the basic framework and approach for 
this study. 
GEOMORPHOLOGY 
The Mannford area lies in the Eastern Sandstone Cuesta Plains of 
the Great Plains Physiographic Province (Curtis and Ham, 1957). The 
erosional topography of the area is controlled by alternating sandstones 
and shales which dip approximately 40 ft/mi. to the west-northwest. The 
study area is dominated by 4 sandstone-capped benches and 2 bluffs. The 
benches and bluffs are separated by areas underlain by shales. The city 
of Mannford is located for the most part on a sandstone bench in the 
west-central portion of the study area (see Plate 1). 
The study area is located approximately 3 mi. southwest of the con-
fluence of the Cimarron and Arkansas Rivers. The Salt Creek arm of Key-
stone Reservoir, occupying the largest valley in the area, joins the 
Cimarron arm of the reservoir in the northeastern portion of the study 
area. The Salt Creek arm of Keystone Reservoir trends north-south and 
occupies much of the eastern one-third of the study area. Within the 
study area rather steep bluffs border the reservoir on the southeastern 
and northwestern sides of the Salt Creek arm of the reservoir. These 
bluffs are held-up along the east side of the reservoir by the Wann 
sandstone (Fw-2) and along the west side by the lower Barnsdall sand-
stone (IPb-1) (Table 5 and Plate 4), All other dr-ainages in the area are 
intermittent tributaries of Salt Creek (see Plate 3). Many exhibit rel-
atively straight segments joining one another at somewhat sharper angles 
than is characteristic of typical dendritic,drainages (Plate 3). A com-
, " 
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parison of the drainage orientations (Fig. 2) and of joint orientations 
(Fig. 6) in the study area indicates a fair correlation especially in 
the N.40-S0°w. and N.40-60°E. intervals. This suggests that the drain-
age pattern, although basically dendritic, is moderately controlled by 
the local systematic joint system, 
Remnants of stream terraces are recognized in the study area paral-
lel to the reservoir and along some of the tributaries of Salt Creek. 
The position of the terraces corresponds approximately to the position 
of the terrace alluvium shown on Plate 5, Along the reservoir are 5 
terrace remnants. Remnants of a single terrace surface occurs along each 
of 4 intermittent tributaries of Salt Creek. Along the upper reaches 
of each tributary this surface slopes from approximately 800 ft. to 
approximately 720 ft. near the reservoir. Since exact topographic and 
time relationships of geomorphic surfaces are not important in an en-
vironmental study of this type, no attempt has been made to correlate 
terraces. 
N 
Fig. 2.-0rientations of drainage segments in the Mann-
ford area, Oklahoma 
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CLIMATE 
Among the climatic data applicable to urban planning are: (1) 
average monthly temperatures (Fig. 3); (2) average monthly precipitation 
(Fig. 3); (3) precipitation intensities likely to occur on a monthly 
basis (Tables 2 and 3); (4) the probability of first and last freeze 
dates (Figs. 4 and 5); (5) the average number of days that minimize tem-
peratures are below freezing (Table 4); and (6) the average depth of 
frost penetration in the Mannford area. The climatic information pre-
sented includes data from Tulsa, 17 mi. east of Mannford, for those 
years and variables not available for Mannford, 
Table 2 and Fig. 3 indicate that some construction delays can be 
anticipated during April through July when monthly precipitation aver-
ages greater than 3 in. and intensities are commonly 0.10-0.99 in,/day, 
Construction delays could be due to heavy rains which interfere directly 
with surf ace construction or to seeps which develop hours or days after 
heavy rainfall. Although rainfall is less from January through April 
than from May through July, the lower temperature and the lack of vege-
tation mean that a higher proportion of precipitation is not lost to 
evapotranspiration and therefore available for runoff and infiltration 
during the January through April period than during May through July, 
Figs. 4 and 5 allow the estimation with some accuracy not only of 
the occurrence of the first and last freeze dates but also of the proba-
bility that they will occur on or before a given date. For example, the 
per cent ch.ance 1 that'. the last freeze will occl,lr between any 2 dates is 
Average monthly precipitation 
(in.) 
Average monthly temperature 
C?F.) 
J F M A M J J A s 0 N D 
Fig. 3.-Average monthly temperature and precipitation data for Mannford, Okla-
homa. Data are averages from 1900-1970. Data modified from Marvin 
(1930), Reichelderfer (1953-64), White (1965a, 1965b, 1966), and 
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Fig. 4.-Frequency distribution of first freeze for Mannford, Oklahoma. Data are averages from 1900-
70. Data modified from Marvin (1930}, Lehrer (19601, Reicnelderfer (1953-64), White 
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Fig. 5.-Frequency distribution of last freeze for Mannford, OIUahonia. Data are averages from 1900-
70. Data modified from Marvin 0.930), Lehrer (1960), Reichelderfer (1953-64), White 




shown by the per cent value below the curve between any 2 dates in Fig. 
5. The chances that the last freeze will occur between March 16 and 
April 1 is 34 per cent. From April 1 to May 15 is approximately 50 per 
cent of the area under the curve. A contractor starting construction 
prior to March 16 can expect freezing temperatures to be more frequent 
since the probability of the last freeze occurring before this date is 
approximately 16 chances out of 100. Freezing temperatures, of course, 
would hamper efforts to pour concrete for foundations and would increase 
labor costs. 
Table 2.-Average precipitation intensities for Mannford, Oklahoma. 
Intensity of precipitation Average number of days in month where 
in in./day intensities reach given value 
J F M A M J J A s 0 N D YR. 
0.10 - 0.50 3 4 5 6 9 6 3 3 4 3 3 3 52 
0.50 - 0.99 1 2 3 3 3 3 1 1 2 2 2 1 24 
;;::. 1.0 0 p 0 1 2 1 1 1 0 0 0 0 6 
Data extracted from White (1965a, 1965b, 1966), Reichelderfer (1953-64), 
and Environmental Data Service (1967-71). 
Table 3.-Chance that precipitation of a given intensity will occur 
on any given day during each month. 
Intensity of precipitation 
in in./day 
0.10 - a.so 
0.50 - 0.99 
2:. 1.0 
Percentage chance in any month 
J F M A M J J A S 0 N D 
10 14 16 20 29 20 10 10 13 10 10 10 
3 7 10 10 10 10 3 3 7 6 7 3 
1 1 1 3 6 3 3 3 1 1 1 1 
Data modified from White (1965a, 1965b, 1966), Reichelderfer (1953-64), 
Environmental Data Service (1966-71), and Conrad and Polk (1950, 
p. 201). 
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Table 4 shows that freezing temperatures most.frequently occur from 
December through March. A contractor can expect t:o pour concrete many 
afternoons from December through March because daily maximum temperatures 
remain below freezing only 30 to 35 days of this period (Lehrer, 1960, 
p. 2) • Average snowfall in the. Mannford area is 9. q in. , occurring 
generally from January through March (Marvin, 1930, p. 20), Although 
the prediction of the depth of frost penetration becomes an important 
consideration in urban areas where winters are more severe than in the 
Mannford area, the terrain in the study area generally remains essential-
ly unfrozen except for short periods on the order of 10 days or less 
when frost penetration may be 4 to 6 in. (Marvin, 1930, .p, 2). 
Table 4.-Average number of days the minimum temper-
ature is below freezing for Mannford, Oklahoma, 













Data extr~cted from Marvin (1930), Lehrer (1960), 
Reichelderfer (1953-64), White (1965a, 1965b, 
1966) and Environmental Data Service (1967~71), 
BEDROCK STRATIGRAPHY 
The bedrock exposed at the surface in the Mannford area consists of 
approximately 220 ft. of sandstones and shales, which are part of the 
Missourian and Virgilian Series of the Pennsylvanian System. The Mis-
sourian Series in the study area includes in ascending order the upper 
part of the Wann, the Barnsdall, and the Tallant Formations with the 
Virgil~an Series represented by the lowermost Vamoosa Formation. An 
idealized columnar section (Table 5) and the bedrock geologic map (with 
included cross se~tion) (Plate 4) together show the distribution of bed-
rock sufficiently for most planning purposes. 
Wann Formation 
Approximately the upper one-third of the Wann For~ation is exposed 
in the study area. For mapping purposes, the Wann is subdivided into 3 
units, a lower shale, a middle sandstone, and an upper shale. 
The lower Wann shale unit (lPw-1) is a gray to reddish, sandy to 
silty shale with interbeds of tan to gray, fine- to very fine-grained 
sandstone. This unit ranges from 25 to 30 ft. in thickness along the 
eastern border of the study area with the upper portion exposed in the 
borrow pit south of Oklahoma Highway 51 east of the Salt Creek arm of 
the reservoir. 
The Wann sandstone unit (lPw-2) is tan to gray in color, medium- to 
fine-grained, and massive to thin-bedded. Locally, gray to reddish 
shale interbeds are present near the top of the unit. Thickness varies 


















Sandstone, buff to reddish br~m, coarse- to fine-grained, massive to 
thin-bedded. Upper portion missing due to erosion. 
Shale, reddish to olive green, sandy to silty; sandstone interbeds. 
Sandstones, lenticular, buff to reddish tan, fine~ to very fine-
grained, massive to thick-bedded. 
Sandstone, brown to reddish tan, medium- to fine-grained, massive to 
thin-bedded. 
Shale, tan to reddish, sandy to silty; sandstone interbeds. 
Sandstone, bµff to tan, fine- to very fine-grained, massive to gen-
erally thin-bedded. 
Shale, tan to reddish, sandy to silty; sandstone interbeds. 
Sandstone, tan to gray, fine- to very fine-grained, massive to gen-



































Sandstone, tan to gray, medium- to fine-grained, massive to thin-
bedded; shale interbeds 1ocally. 




















from 25 to 30 ft. with the lower 15 ft. of sandstone being largely 
medium-grained. IPw-2 forms the bluff along the east edge of the reser-
voir in the southeastern portion of the study area. The sandstone (IPw-2) 
occurs above water level along the west side of the reservoir below the 
Oklahoma Highway 51 bridge in the east-central portion of the study area. 
The upper Wann shale unit (lPw-3) is a gray to reddish, sandy to 
silty unit with interbeds of buff to tan, fine- to very fine-grained 
sandstone. The shale unit ranges from 10 ft. in thickness just south of 
Oklahoma Highway 51 east of the reservoir to an estimated 15 ft. in the 
bluff along the west side of the reservoir. 
The sandstones of the Wann are generally coarser grained and thick-
er' bedded than are corresponding units in the Barnsdall. The shales of 
the Wann weather to a lighter shade of red than do shales of the Barns-
dall. 
Barnsdall Formation 
The Barnsdall Formation in the Mannford area consists of a basal 
sandstone unit (Pb-1), a dolom:i,te lens (lPb-la), a poorly exposed shale 
unit (IPb-2), a sandstone unit of fariable thickness and topographic ex-
pression (Pb-3), and an upper shale unit containing several sandstone. 
interbeds (IPb-4). 
The lower sandstone unit (IPb-1) is tan to gray, fine- to very fine-
grained and massive to generally thin-bedded where exposed. IPb-1 is 
approximately 20 to 25 fto thick along both sides of the reservoir. 
Pb-1 forms a ridge bordering the eastern edge of the study area along 
Oklahoma Highway 51 and caps the bluff along the west .side of the reser-
voir. 
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A lens of gray, fine-grairied dolomite ranging from 0 to 3 ft. thick 
occurs locally approximately 15 ft. abo.ve the base of Pb-1 in the SE 1/4 
of Sec. 10 (Plate 1) west of the reservoir.· The lens is very poorly ex-
posed. 
IPb-2 is a poorly exposed, tan to reddish, sandy to silty shale with 
in terbeds of buff to ta1:1., fine- to very fine-grained a.ands tone. · IPb-2 
ranges from approximately 15 :ft. in the west to 20 ft. thick in the 
southeastern portion of the study area. This unit is exposed in the 
borrow pit east of the Mannford bµsiness district just south of Okl.ahoma 
Highway 51. 
The upper. sandstone unit (!Pb-3) is buff to tan, fine- to very fine~ 
grained, and thin-bedded to locally massive. Sedimei;i.tary structures in 
the sandstone include i.nitial dip, channels, and small- to medium-scale 
cross-bedding. These are exposed in the.2 roadcuts along Oklahoma High-
way 51 just west of the re~ervoir. IPb...:3 ranges from 10 ft. thic:k to 
locally 25 ft. thick in the residential area in the southcentral portion 
of the study area. 
The upper shale unit (IPl:!-4) is tan to reddish, sandy to s:i,.lty, and 
0 ... 
contains several buff to tan, fine- to very fine-grained, to locally 
silty, sandstone interbeds. This unit is poorly exposed in the study 
area except in the west-central part.northwest of the elementary school 
where it is exposed alOng a gulley. IPb-4 varies from 30 to 40 ft. thick 
with the thicker portion being restricted to the southern part of the 
study area. 
Tallant Formation 
The Tallant Formation is subdivided into a· lower sandstone unit 
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(IPt-1) and an upper shale unit (IPt-2). 
The lower Tallant unit (IPt-1) is a brown to reddish tan, medium- to 
fine-grained, massive to thin~bedded sandstone, ranging from approximate-
ly 10 ft. thick in the northwest part of the Mannford area to 20 ft, 
thick in the southwest portion, lPt-1 produces the north-south trending 
bench in the west-central part of the study area, Locally, IPt-1 exhibits 
initial dip, channels, and small-scale cross-bedding. 
A reddish to olive~green sandy to silty shale unit (!Pt-2) occurs 
above the lower sandstone unit (IPt-1). This unit is highly jointed in 
the study area and includes several buff to tan, fine- to very fine--
grained sandstone interbeds exposed in the roadcut approximately 1 mi. 
north of the railroad tracks, ~t-2 ranges from 50 to 60 ft, thick in 
the study area. Withi'n ~t-2, 3 sandstone lenses (lPt-2a, IPt-2b and 
1Pt-2c) occur at various stratigraphic positions. 
The lower lens, IPt-2a, is a buff to reddish tan, fine• to very fine-
grained, massive to thick-bedded sandstone, which varies from 0 to 20 
ft. in thickness. This unit caps the bench.in the Mart-Way Racetrack 
area north of Mannford. ~t-2b also is a buff to reddish tan, fine- to 
very fine~grained, massive to thick-bedded sandstone ranging from 0 to 
10 ft, thick. The Tallant sandstone lens (1Pt-2b) exhibits initial dip, 
channels, and small-scale cross-bedding in the Oklahoma Highway 51 road-
cut just north of the Mfinnford city water tower. ~t-2c is a buff to 
gray, fine- to very fine-grained, massive to thick-bedded sandstone 
which varies from 2 ft. in the northwest to locally 20 ft. thick in the 
west-central part of the study area, 
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Vamoosa Formation 
The Vamoosa in the study area QPv-1) is a buff to reddish brown, 
coarse- to fine-grained, massive to thin-bedded sandstone ranging from 
20 to 25 ft. thick. Only the lower portion of this sandstone is exposed 
in the study area. The upper portion is missing due to erosion, The 
Vamoosa in the study area produces the sandstone-capped ridge in the 
northwestern portion of the study area. 
QUATERNARY STRATIGRAPHY 
Unconsolidated materials (exclusive of pedologic.soils) are locally 
more than 10 ft. thick and cover approximately 50 per.cent of the study 
area (see Plates 5 and 7). These materials include flood plain alluvium, 
terrace alluvium, colluvium, and artificial fill. The textures of all 
Quaternary deposits are described using the basic soil te~tural classi-
fication of the Soil Conservation Service (see Appendix 2, p. 82). 
Flood Plain Alluvium 
The only flood plain alluvium presently exposed in the study area 
occurs along the tributaries of Salt Creek on both sides of the reser~ 
voir. The flood plain alluvium in the area is brown to black fine sandy 
loam to silt loam. Thicknesses range from 3 to 12 ft. 
Terrace Alluvium 
Most of the alluvial terrace deposits in the Mannford area have 
been covered by Keystone Reservoir. Terrace deposits above water level 
are grouped into 2 units on the basis of texture rather than age or 
topographic position. 
The terrace alluvium along the Cimarron River and Salt Creek (Qt-1) 
is brown to reddish yellow loamy fine sand to silt loam which ranges from 
3 ft. thick in the eastern part of the study area to an estimated 15 ft. 
thick on the island in the northeastern portion of ·the study area. Qt-1 
comoines alluvium related to 4 terrace remnants. There are 3 deposits 
26 
which occur at an elevation of approximately 720 ft. and the fourth oc-
curs at an elevation of approximately 755 ft. The 755-ft. terrace, al-
though not contemporaneous with the 720-ft. terrace, is grouped with it 
because of texture. 
The terrace alluvium along 5 tributaries of Salt Creek (Qt-2) is 
brown to grayish brown silty clay loam which varies from 1 to 5 ft. 
thick. The surface of the terrace slopes from approximately 800 to 720 
ft. 
Colluvium 
Colluvium is material that has been moved down slopes by sheet wash 
and creep. Texture and composition of colluvium will be determined by 
the upslope material (generally weathered) from which the colluvium is 
derived. Colluvium in the Mannford area typically contains sandstone 
fragments transported from upslope in a finer matrix, yellow to reddish 
color blotches termed mottles, and granule-sized iron and/or manganese 
oxide nodules. Frequently, colluvial units with large silt and clay 
fractions are more plastic than the underlying in-situ materials. 
The 4 colluvial units mapped in the Mannford area are prob-
ably more or less contemporaneous with existing alluvial deposits. One 
colluvial unit appears to have been derived from only one formation while 
the others have been derived from more than one formation, A boulder 
to cobble colluvial unit (Qc-1),composed predominantly of sandstone frag-
ments,occurs on the steep slopes below the bluffs and the benches border-
ing the east and west sides of the Salt Creek arm of Keystone Reservoir 
in the central, north-central, and southeast parts of the area. Locally, 
Qc-1 also occurs on the gentle slopes bordering the west side of the 
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reservoir. The sandstone fragments are generally angular to blocky, and 
vary from 0.5 to 6,0 ft, in diameter, They are derived from both tb.e 
lower Barnsdall and Wann sandstones. The colluv:Lal depos;Lt varies from 
< 1 to 3 ft, thick, Where the blocks are widely scattered, thickness of 
the colluvial deposit is the thickness of .individual sandstone blocks. 
The sandy colluvial unit (Qc-2) occupies the slopes below the Tal-
lant Formation in the.southern two-thirds of .the study area; however, 
' 
the unit (Qc-2) does occur locally in northern part.of the area. Qc-2 
is grayish brown to brownish red sandy loam to·loam with yellow to red-
dish mottles common, Black to brown iron and/or manganese oxide nodules 
and pebble-to granule-sized sandstone fragments also occur. Thickness 
varies from 0,5 to 5 ft,9 t~e latter .occurring near the.downslope edge 
of the d.eposit. The Tallant Formation appears to be the. source of the 
(Qc-2) colluvium. 
The silty colluvial unit (Qc-3) occupies the slopes below the Tal-
lant Formation in much of the northern one-third of the study area but · 
differs from Qc-2 in that it is brown to gray loam to s'.i!lt loam, Yellow 
to reddish mottling is less pronounced than in the sandy colluvial unit 
(Qc-2) and iron and/or manganese oxide nodules are.few to locally absent, 
Sandstone fragments incorporated in the deposit tend to be pebble- to 
granule-sized, This unit appears to be derived f'toi;il. the Tallant and 
Barnsdall Formations and ranges from 0.5 to 4.5 ft, thick. 
The horizontal boundary between the sandy lo~in (Qc-2) and silt loam 
(Qc-3) colluvial units is transitional~ The reasons for the differences 
between Qc-2 and Qc-3, especially since they both occur at approximately 
the same topographic and stratigraphic positions, are not clear. Possible 
explanations for the differences include: (1) lateral changes in bed-
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rock beneath the deposit ~ith the result that weathe+ed shale contributes 
more than the sandstone to the character of Qc-3; and (2) mixing of 
material derived from bedrock with terrace alluvium or eolian material, 
A loamy colluvial unit (Qc-4) occurs locally in the northwestern 
portion of the study area. Qc-4 is a brown to grayish brown sandy loam 
with yellow to reddish mottling common, The thickness of Qc-4 varies 
from 0.5 to 3.0 ft, thick. Although Qc-4 appears to be derived from the 
Vamoosa and Tallant Fo.rmations, the contribution of the Tallant sand-
stones to Qc-4 is difficult to establish. The Vamoosa sandstone is 
generally coarser grained than the Tallant, but sandstone fragments are 
few to locally absent in the deposit, 
Artificial Fill 
Artificial fill was mapped $eparately because the excavation of in-
situ materials alters the engineering properties of the materials and 
because fill of ten includes man-made materials such as brick or concrete 
fragments. The geologic materials used as fill in the Mannford area are 
quite variable, ranging from clay to boulder-sized sandstone blocks 3 ft, 
in diameter. Man-made materials probably include bricks, lumber, and 
virtually any other materials that were available. Some of the fill 
materials appear to have been obtained from the 2 borrow pits along 
Oklahoma Highway 51, east of the business district, in the central por-
tion of the study area. 
STRUCTURAL GEOLOGY 
The Mannford area is located on the Central Oklahoma platform be-
tween the Ozark and Nemaha uplifts (Arbenz, 1956). The platform exhibits 
minor folding and faulting which is thought to be related to deep-seated 
differential uplift (Ross, 1971). The strike in the Mannford area aver-
0 ages N.20 E. with the dip averaging 40 ft,/mi. to the west-northwest. 
No faults are recognized in the Mannford area, but joints are com-
mon in the sandstone units. Joints are important in an environmental 
geology study because of their effect upon rock rippability, ground-water 
movement, and the shear strength of rock. 
A plot of the strike frequency of 67 joints, all of which are essen-
0 tially vertical, indicates 2 joint sets oriented approximately N.40 W. 
and N.S0°E. (Fig. 6), The sets are approximately parallel to those in a 
large area north and northwest of the Ouachita Mountains (Melton, 1931), 
including those in central Payne County (Ross, 1971). Chenoweth (Benni,.. 
son and Chenoweth, 1968) measured 168 joints in Tulsa County, immediate-
ly to the east of Creek County, apd found 4 joint sets. The northwest-
southeast and northeast-southwest sets nearly parallel the 2 trends in 
the Mannford area. The 2 remaining sets, north-south and east-west, are 
not recognized in the study area. The northeast,...southwest set in the 
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Fig. 6.-Strike frequency of 67 joints in the Mannford area, Okla-
. homa, showing N. 40°w. and N. S0°E. directional averages. · 
A 30-degree sliding average was used in preparation of 
diagram. · 
SOILS 
The United States Soil Conservatlon Service produces many types of 
data applicable to urban environmental studi·es including soil maps, 
textural data, and engineering test data of pedologic soils. Such data 
generally show a high correlation with geology since pedologic soils are 
derived from geologic materials. The soil map for the.Mannford area 
(Plate 6), extracted and enlarged from the .Creek County Soil Map (H. c. 
Oakes, 1959), is utilized in sµrficial mapping (Plate 5) and as a base 
map in the preparation of interpretative factor maps (Plates 8-12). 
The term soil unfortunately means different things to different 
people. The layman considet;'s soil to b~ the loose material foup.d at the 
earth's surface which is capable of supporting plant life, The·engineer 
defines soil as any unconsolidated deposit composed of an aggregate of 
mineral grains that can be separated by mechanical means (Terzaghi and 
Peck, 1948, p. 4). The deposit can be weathered in place (residuum) or 
unconsolidated material traneported from elsewhere, Such depo-sits can 
be either at the surface or buried even at.great depth. The agronomist 
defines soil as that portion of the weathered earth's surface which, 
under physical, chemical, and bacterialprocesses, produces an unconsol-
idated material having characteristic horizons and structures and is 
capable of supporting plant life. Soi;I.s are subdivided into the A,,'tB, 
and C horizons with the A horizon being the zone in which organic matter 
coats the mineral grains, darkens the soil, and supports the root systems 
of plants, The B horizon contains illuvial and/or residual concentta-
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tions of clay, iron, and aluminum complexes and when grouped with the A 
horizon is termed the.solum. l'he C horizon, termed the subsoil, is the 
zone above the unweathered parent material that has been little affected 
by the soil-forming factors, but frequently contains some of the weath-
ered parent material (Gray and Galloway, 1969). The term soil in this 
study generally is used in the pedologic sense except in the discussion 
of soil engineering data (see section on Engineering Geology Data), 
foundation conditions, and slope stability (see section on Environmental 
Geology Interpretations). 
Soils in the study area are part of the Cross-Timbers Pedologic 
Province, Red-Yellow Podozolic Group, Darnen .... stephenville and.Dougherty-
·reller-Yahola Soil Associations Parent mat.erials of . these soils include 
sandstone, shale, shale with interbedded sandstone, alluvium, and col-
luvium (Table 6). These soils are light-colored, moderately leached, and 
typically have reddish sandy clay subsoils ·(Gray and Galloway, 1969). 
The Darnell"'."Stephenville Association in the study area develops 
from sandstone and shales with interbedded sandstone. The Darnell Series 
typically is shallow, light-colored,.and occupies slopes.generally 
greater than 5 per cent except where sandstone crops out on nearly flat 
hill tops (less than 2 per cent). The Stephenville Series is similar to 
the Darnell but exhibits better developed subsoils (Gray and Galloway, 
1969). 
The Dougherty-Teller-Yahola Association in the study area occupies 
terrace surfaces of the Cimarron River and Salt Creek. The Dougherty 
Series exhibits clay subsoils and is developed in the reddish, moderately 
sandy, alluvial terrace deposits of Salt Creek. The Teller soils occur 


















sandy loam and 
loam 
Grayish brown 
fine sandy loam 
Pale brown fine 
sandy loam 
Pale brown to pale 
yellow loamy fine 
sand 
Grayish brown silt 
loam 




Yellow sandy clay 
loam 
Yellowish brown 
sandy clay loam 
Yellowish red clay 
loam 
Reddish to brownish 
yellow sandy clay 
loam 
Brownish yellow to 
reddish yellow 
sandy clay loam 
Brownish yellow 
fine sandy loam 






Sandstone and sandy 
shale 
Acidic sandstone 
and sandy shale 
Sandstone and inter-
bedded sandstone and 
shale 
Interbedded sand-




Alkaline clay shale 
Geologic Units From Which 
Soils are Derived 
Wann, Barnsdall~ and Tal-
lant Formations; Colluvium, 
Qc-1 and Qc-2 
Wann, Barnsdall, and Tal-
lant Formations; Colluvium., 
Qc-2 
All bedrock formations and 
colluvial units 
All bedrock formations; 
Colluvium, Qc-1, Qc-2, and 
Qc-3 
Salt Creek terrace alluv-
ium 
Cimarron River terrace 
alluvium 
Salt Creek tributary ter-
race alluvium 
Barnsdall Formation; Col-











Grayish brown fine 
sandy loam 
Brownish gray fine 
sandy loam 
Brown silt loam 
Grayish brown sandy 
loam to silt loam 
Dark gray clay loam 
Table 6 (Continued) 
Brief Description* 
of Subsoil 
Yellowish red sandy 
clay loam 
Yellowish brown 
sandy clay loam 
Red clay loam 






Acidic sandstone and 
interbedded sand-




Alkaline clay shale 
*Data extracted from H. C. Oakes (1959). 
Geologic Units From Which 
Soils are Derived 
Barnsdall, Tallant, and 
Vamoosa Formations; Colluv-
ium, Qc-2 and Qc-4 
Salt Creek terrace alluvium 
Cimarron River terrace 
alluvium 
Salt Creek tributary flood-
plain alluvium 
Barnsdall Formation; Colluv-




of Keystone Reservoir. The Yahola.Series is developed exclusively on the 
flood-plain alluvium of the Cimarron River and is not exposed in the 
study area. 
GROUND WATER 
Known usable ground water in the Mannford area is limited to sub-
surface bedrock aquifers in the Wann Formation, Local residents indi-
cate that no appreciable amounts of ground water occur in other surf ace 
and near-surface deposits. It is possible, however, that other aquifers 
occur at depths greater than 300 ft, beneath the surface. 
The bedrock geology of the area,with alternating sandstones and 
shales,produces ideal conditions for the development of intermittent 
springs and seeps. Such springs and seeps generally develop after heavy 
rains where permeable sandstones overlie relatively impermeable shales. 
Several springs and seeps were observed by the author after heavy winter 
and spring rains at the base of the lower Tallant sandstone unit ()Pt-1) 
and at the base of the Vamoosa sandstone (lpv-1), The springs at the 
base of the Tallant appeared to have the greatest yields. Water, through 
surface infiltration, moves through the exposed, jointed, and permeable 
sandstones and collects along underlying shale contacts, A conceptual 
model is shown in Fig. 7 which illustrates the observed seep conditions 
and the suspected contribution made by the Keystone Reservoir to one of 
the aquifers. 
Domestic water supplies in the Man,nfo:i::-d area are obtained.from 2 
sandstones near the middle part of the Wann Formation (see Fig. 7). These 
sandstones are approximately 20 to 25 ft. thick. The upper Wann sand ... 
stone aquifer ranges from approximately 90 to 110 ft. below the surface 
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Fig. 7 .-Schematic east-west cross section in the Mannford area:, Oklahoma, showing expected ground-water 
conditions. No unconfined water table was oBserved i:n tfie study area. 
w .....,, 
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the surface in the western portion of the study area. The lower Wann 
sandstone aquifer ranges from approximately 120 to 140 ft, below the 
surface in the eastern part of the area to approximately 240 to 260 ft. 
beneath the surface in the western portion of the study area (see cross 
section Plate 4). Yields of household wells range from <l to 8 gal./min. 
with many less than 5 gal./min. (Table 7). Tpe texture, based on the 
rather low yields of domestic 'wells in the 2 sandstone aquifers, is 
estimated to be fine-grained since coarser grained sandstones would have 
to be tightly cemented to exhibit such low permeabilities. 
Table 7.-Data on representative domestic water wells in the Mannford 
area, Oklahoma, after Keystone.Reservoir filling, 
Owner Location Estimated Depth'. Estima~ed Yield 
(all T.19N.,R.9Er) of well (ft,) (galfmin,) 
Tom Langen s~~s~ Sec, 10 160 5-7 
L. D. Applegate S~ N~ N~ Sec. 9 170 5-8 
Coyote Trail S~ SE!.i; SW1-i; Sec. 26 175 1-5 
Mormon Church SW!.i; NW!.i; S~ Sec, 22' 150 1-5 
Ray Carr SW!.i; SE!.i; S~ Sec. 22 160 3-5 
C. Durkey SW!.i; S~ SE!.i; Sec, 2·2 160 3-5 
Kenneth Cooper sw-i; s~ .s~ Sec, 22 160 3-5 
Ed Craft SW!.i; SE!.i; SE!.i; Sec. 22 160 3-5 
Billy Greenwood SW!.i; SE!.i; SE!.z; Sec, 21 200 brine 
Floyd Williams NW!.z; SW!.i; NE!.z; Sec. 10 190 3-5 
Orville Barton SE!.i; NE!.i; NE!.z; Sec. 14 300 brine 
Jerry Pursell SW!.z; SW!.i; SW!.i; Sec. 21 100 brine 
Knott (1971) I Data from oral communication, 
Prior to Keystone Reservoir filling, 5 exploration wells were 
drilled through the Wann Formation in an attempt to provide Manriford 
with an adequate water supply. Initial yields were fair but drawdown at 
equilibrium was rather large (Table 8). The decision was made to use-
surface water rather> than ground water for Mannford's municipal water 
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supply. Based on the three-dimensional geologic framework of the area 
and the fact that all of the static water levels in the exploration wells 
were above the estimated depth of the 2 Wann sandstone aquifers, arte-
sian conditions appear to exist in .these 2 sandstones. 
Table 8.-Data from Mannford exploration water wells prior to 
Keystone R~servoir filling. 
Amount of Static Water 
Location Depth Yield Drawdown at Level Eleva-
Number (all T.19N.,R.9E.) (ft.) (gal/min.) Equiltbrium (ft.) tion (ft.) 
1 SW~ NE% NW~ Sec. 22 377 30 172 (?) 679 
2 SW~ NE~ NW1-t: Sec. 22 404 33 59(?) 684 
3 SE~ NE% N~ Sec. 22 292 35 109(?) 699 
4 SW~ SW'--t: SE~ Sec. 16 360 20 49 (?) 703 
5 NE~ NE~ SE~ Sec. 21 276 30 72(?) 703 
Data extracted from Anonymous (1960). 
Persons living outside the corporate limits of Mannford in the 
study area, west of Keystone Reservoir, are concerned about the apparent 
increase in dissolved chlorides in many of their domestic wells (Knott, 
1971). The author believes the increase in chlorides probably reflects 
seepage from Keystone Reservoir into one or more westward-dipping sand-
stone aquifers. The upper Wann aquifer appears to crop out in the Salt 
Creek Valley east of Mannford below conservation pool level of Keystone 
Reservoir. The lower Wann aquifer apparently does not crop out in the Salt 
Creek Valley, but leakage from the reservoir to this sandstone is possi-
ble. Water quality analyses indicated chloride concentrations were un-
satisfactory for municipal and most industrial uses without extensive 
water treatment (Table 9). A show of oil was encountered in explora-
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tion well No. 2 and was subsequently plugged. This suggests that some 
chloride concentration may be due to oil field brine. 
Table 9.-Water quality analysis for Mannford city exploration well 
No. 2 prior to Keystone Reservoir filling. 
Components Symbol Parts Per Million 
Calcium Ca 189 
Magnesium Mg 61 
Sodium Na 650 
Chloride Cl 1249 
Sulfate so4 176 
Carbonate co3 no analysis 
Bicarbonate HC03 249 
Hypothetical Combinations 
Sodium Chloride NaCl 1649 
Magnesium Chloride MgC12 238 
Calcium Chloride CaC12 94 
Calcium Sulfate Caso4 245 
Calcium Bicarbonate Ca(HC0) 2 332 
pH 7.10 
Specific Gravity at 72° 1.0.02 
Data extracted from Anonymous (1960). 
The occurrence of seeps in the study area offers the potential for 
serious problems related to roadbeds, basements, and foundations. Where-
ever sandstone-over-shale contacts occur at the surface because of 
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natural erosion, road cuts, or open.excavations, seeps.are possible. 
Water should not be allowed to collect uncler structures because the 
swelling of clays may produce uplift pressures sufficient to crack walls 
and foundations. It should be remembered that springs and seeps can 
develop long after construction if the appropriate geologic.conditions 
exist. Fig. 7 illustrates a typical seep in the study area and Plate 4 
shows the outcrop pattern of the Tallant ¢Pt-l) and Vamoosa (!Pv-1) sand-
stones which are most susceptible to seeps, The contractor can use 
Plate 4 to locate areas where sandstone overlies shale (.f.~,, areas where 
springs and seeps are most likely to develop). 
Because of the absence of shallow, sophisticated subsurface data 
for the Mannford area, more data will have to be generated before any 
comprehensive three-dimensional picture of the local ground-water regime 
can be made. 
ENGINEERING GEOLOGY DATA 
All available en_gineering tes.t data, both published and unpublished, 
were obtained from the U.S. Army Corps of Engineers, the city of Mann~ 
ford, the Soil Conservation Service, and the Oklahoma Highway Department. 
These data were' used to characterize the engineering properties of all geo-
logic and pedologic units in the 'study area insofar as possible, These data 
are.presented and briefly discussed .here; interpretations that utilize 
these data are included in subsequent sections on Factor Maps and Their 
Uses and on.Environmental Geology Interpretations. 
Bedrock Engineering Data 
The available bedrock engineering data for the Mannford area are 
sunnnarized in Tables 10 - 12. The bedrock geologic map (Plate 4) can be 
utilized as a bedrock engineering-.f easibility map for planning purposes 
and for correlating engineering test data and local experience with the 
various bedrock units. Although the bedrock engineering data presented 
here generally characterize the bedrock of the Mannford area, they 
should be supplemented by on-site engineering t~sting prior to the de-
sign and construction of any significant project, 
An engineering classification of in-situ bedrock is employed (Table 
10) based upon geologic logs of NX (2 1/8-in. diameter) cores using the 
Rock Quality Designation (RQD). The Rock Quality Designation, based 
upon the ratio of the amount of NX core lost to the amount recovered at 
a particular site, indicates the general engineering character of the 
I." 
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rock (Deere, 1969, p. 15). In addition, joint-spacing measurements are 
used in conjunction with seismic.velocities to indicate.the general 
engineering character of the rock (Deere, 1969). Brown and Robertshaw 
(1953) are more specific and indicate that the average seismic velocity 
of each lithology allows an indirec.t but strongly correlative estimate 
of the bedrock's ability to withstand ioading. Table 10 shows the bed-
rock in the Mannford area to be of acceptable quality for most engineer-
ing uses. 
Table 10.-Engineering characteristics of .in-situ bedrock for the 
Mannford area, Oklahoma. 
Rock Quali·ty Average Seismic 
Geologic Unit Joint-Spacing Designation* Velocity (ft/sec~)** 
Vamoosa sandstone Close+· Excellent 6000 
Tallant sandstone Close Excellent 6750 
Tallant shale Close Excellent 4000 
Barnsdall sandstone Close Excellent 6250 
Barnsda11· shale Close Excellent 5000 
Barnsdall.dolomite 
lens ----"""' 14400 
Wann sandstone Close Excellent 8100 
Wann shale Close Excellent 4200 
*:Rock Quality Designation computed from Anonymous (1960). 
Average seismic velocities above water table. 
+close·joint~spacing is .s: 1 ft. 
Tables 11 and 12 indicate the apparent rippability of each bedrock 
formation and its suitability for use as subgrade or subbase. These 
data are particularly valuable in the eastern and western portions of 
the Mannford area where sandstone layers frequently are less than 2 ft. 
from the surface. Table 11 shows the Tallant and Vam.oosa to be· .associ-
ated with seeps and the Vamoosa and Barnsdall Formations to be suscepti-
ble to blackslope failure problems. 
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Table 11.-Engineering characteristics of the bedrock geologic.units in 
















































Data extracted from Hayes.and Mccasland (1967), Information from 
throughout Creek County including the Mannford area, 
Table 12 presents average engineering test data for the bedrock for-
mations in the study area. Sandstones within each formation are con-
sidered well suited for subgrade material and the shales poorly suited. 
Table 12 indicates that all of the formations can be stabilized with 
cement, but the percentages quoted may be too high for the sandstones. 
All of the formations are shown to be suitable for subgrade except .the 
Vamoosa which is assigned a poor suitability ratingo Hayes (1972) in-
dicates that the Vamoosa was given this rating based on limited testing 
of the most plastic shale. Since none of the Vamoosa shales occur in 
the Mannford area, the poor suitability rating indicated in Table 11 is not. 
applicable to the study area. The Vamoosa sandstone.in the study area; 
therefore, should be considered well suited for subgrade material. 
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Table 12.-Average engineering test data for geolpgic units in the Mann-























Data extracted from Hayes and McCa.sland (1967). Information from 
throughout Creek County including the Mannford area. 
* Applicable only to' shale units within the Vamoosa which c;lo not,oc-
cur in the.study, area. 
Soil.Engineering Data 
All available soil engineering data for the Mannford area are sum-: 
marized in, Tables 13-15.. These data were obtained from pedologic soils, 
common to the Mannford area, throughout Creek County. There are not 
adequate engineering data available on the unconsolidated feologic ma-
terials below the soils in the study a~ea. It should be stressed that 
on-site testing should be conducted for specific engineering projects. 
Table 13 shows the texture, plasticity characteristics., pH, and 
suitability. for road materials of each soil series in the Mannford area. 
The American Association of State High Officials (AASHO) classification 
is a system of classifying soils and soil aggregate mixtures for highway 
design purposes based on the per cent .of soil·passing certain specific 
sieve sizes; liquid limit, and plasticity index using an.empirical for-
mula· (Committee on Classificat::l.on of Materials for Subgrades and Granu-
lar Type Roads, 1945). The sieve analyses indicate the portion of each 
Table 13.-Engineering test data for the soil series in the Mannford area, Oklahoma. 
Soils Series 
and AAS HO .Sieve Analysis (% Passing) Liquid Plastic Stabilization Sub grade 
Horizons Class. No. 10 No. 40 No. 60 No. 200 Limit Index p~ i Asphalt % Cement Quality 
Bates A A-2-4-(0) 100 99 98 34 NP NP 6.2 5.0 8 Good 
B A-4(5) 100 99 98 59 26 7 5.4 NO 10 Good 
c A-4 (3) 100 99 99 51 28 7 5.5 6.0 10 Good 
Collinsville A A-2-4(0) 100 95 78 32 NP NP 6.3 4.8 8 Good 
Darnell A A-2-4(0) 100 100 96 25 NP NP .6.1 4.5 7 Good 
Dennis A A-4 (8) 100 99 97 88 31 6 5.9 NO 11 Fair 
A-7-6(12) 100 99 98 84 43 18 6.2 NO 14 Fair 
A-6 (7) 100 99 97 60 33 15 6.7 NO 12 Fair 
Dougherty A A-4(2) 100 99 90 43 NP NP 6.4 5.5 9 Good 
B A-4(2) 100 99 91 45 21 5 5.9 5.6 9 Good· 
c A-4(2) 100 99 91 47 25 8 5.1 5.8 10 Good 
Eufaula A A-2-4(0) 100 100 90 12 NP NP 5.6 3.7 8 Good 
c A-2-4(0) 100 100 93 17 NP NP 7.5 4.0 8 Good 
Mason A A-4(8) 100 100 99 93 29 8 5.9 NO 11 Fair 
B A-7-6(15) 100 100 100 96 47 23 5.1 NO 15 Poor 
c A-7-6(12) 100 99 98 87 42 20 6.3 ~o 14 Poor 
Okemah A A-6(8) 100 93 89 78 39 11 5.6 NO 12 Fair 
B A-7-5(11) 100 84 76 62 54 19 6.0 NO 13 Poor 
c A--7-5 (18) 100 97 95 88 60 25 7.1 NO 16 Poor 
Pottsville A A--4(1) 100 100 99 38 NP NP 5.4 5.2 9 Good 
c A-7-6(11) 100 100 100 94 41 17 4.6 NO 14 Fair ~-CJ' 
Table 13 (Continued) 
Soils series 
and AAS HO Sieve Analysis (% Passing) Liquid Plastic Stabilization _. Subgrade 
Horizons Class. No. 10 No. 40 No. 60 No. 200 Limit Index pH % Asphalt % Cement Quality 
Stephenville A A-4 (1) 100 99 94 41 NP NP 6.9 5.4 9 Good 
B A-4 (6) 100 100 95 64 34 10 5.3 NO 11 Fair. 
C A-4 (4) 100 100 96 54 27 9 4.9 6.7 10 Fair 
Stidham A A-2-4(0) 100 99 92 23 NP NP 6.1 4.3 7 Goad~ 
B A-4(0) 100 99 94 36 18 3 6.2 5.1 9 Good 
c A-4(1) 100 100 95 40 24 8 6.3 5.4 9 Good 
Talhina A A-4(4) 100 99 90 53 21 5 7.5 6.1 10 Good 
c A-6(8) 100 99 93 70 34 12 7.6 NO 12 Fair 
Teller A A-4 (8) 100 98 95 74 23 5 6.3 NO 11 Fair 
B A-6(10) 100 98 96 83 32 14 6.5 NO 12 Fair 
c A-6 (9) 100 98 96 81 31 12 7.6 NO 12 Fair 
Verdigris A A-6(8) 100 100 99 91 35 11 5.9 NO 12 Fair 
c A-4(8) 100 99 98 83 31 10 5.9 NO 11 Fair 
Woodson A A-6 (9) 100 98 96 85 37 12 6.4 NO 12 Fair 
B A-7-6 (15) 100 99 98 91 51 22 6.4 NO 15 Poor 
c A-7-6(16) 100 98 97 93 51 24 6.4 NO 15 Poor 




soil passing the No. 200 sieve (i.e., silt and clay on ASTM textural· 
classification) and the portion retained on the No. 200 sieve (sand) 
(Anonymous, 1969). The liquid limit and plasticity index indicate the 
48 
shrink and swell characteristics of each soil. When the liquid limit is 
30 or greater or the plasticity index is 20 or greater, the soil is 
likely to swell when wetted and crack extensively when dried. 
A brief description of the hydrologic characteristics of each soil 
series is presented in Table 14. Caution should be exercised in utilb-
ing these data since the subsoil moisture content at the time of testing 
is not specified. Percolation tests on soils during the Spring, when 
moisture contents are high, would produce abnormally low permeability 
values because clay in the soil would already have expanded before the 
test, Percolation tests taken on a clayey soil during the summer, owing 
to dessication, would produce abnormally high permeability values be-
cause water would move rapidly along dessication cracks. 'l'he data, 
despite the limitations, are applicable to septic field design and in-
stallation since low-permeability soils severely limit septic field 
efficiency. 
Table 14.-Estimated minimum permeability of least permeable layer for 
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Table 14 (Continued) 
Soil Series 
Permeability of least 



















Data extracted from H, C. Oakes (1959), Long (1968), and Galloway 
(1959). 
Table 15 and Plate 9 (Map of Corrosivity Potential for Uncoated 
Steel Pipe in the Mannford Area, Oklahoma) summarize the corrosiv:ity 
potential of the soils in the Mannford area, Identification of highly 
corrosive soils may alter proposed routes of pipelines susceptible to 
corrosion or indicate the need for coated or composition pipe. These 
considerations become especially important where soil drainage is. poor, 
permeability is low, pH is acidic, and resistivity is below 4500 ohms/cm. 
Table 15.-Corrosivity characteristics of the B and C horizons for the 
soil series in the Mannford area, Oklahoma. 
Soil Series Resistance pH Uncoated Steel Number 
(ohms/ cm,) Pipe Life (Yrs.) of Tests 
Bates 4500 5.3 20 . 17 
Collinsville 3500 5.6 19 9 
Darnell 4100 6.1 22 12 
Dennis 3600 6.3 22 11 
Dougherty 4100 5.9 21 14 
Eufaula 5300 6.0 23 10 
Mason 3700 5,9 20 3 
Okemah 900 5,5 21 8 
Pottsville 
Stephenville 4700 5.6 21 25 
Stidham 5100 5.1 20 5 
Talihina 2400 6.6 23 4 














Data extracted from Hayes (1971). 
Uncoated Steel 










FACTOR MAPS AND THEIR USES 
A factor map presents one or more types of closely related environ-
mental data at a scale large enough to be useful for planning, engineer-
ing, and construction. The selection of individual sites, although 
guided by factor maps, will require additional on-site geologic and 
engineerirtg testing to identify local variations in field conditions. 
A series of 12 maps based on top1ography, soils, bedrock geology, 
surficial geology, and bedrock and soil engineering data in various com-
binations has been prepared for the .Mannford area, A scale of 1:12,000 
(1 inch = 1000 ft.) is utilized on.each of the 12 factor maps because of 
the complexity of geologic and soil deposits in the area. Procedures 
utilized in preparing each factor map and problems encountered are dis-
cussed in Appendix 3 (p. 84-96) , . 
Topog.raphic Map 
The topographic map of the Mannford area, Oklahoma, (Plate 1) de-
picts the topography and the works of man. By overlaying other factor 
maps on Plate 1, the distribution of each variable's intensity patterns 
can be located geographically and evaluated with respect to topography, 
Slope Map 
The slope map (Plate 2) shows the distribution of slopes in the 
Mannford area in terms of per cent. Plate.2 was prepared with a template 
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(see Appendix 3, p. 85) constructed to measure the ratio of change in 
elevation in feet to the horizontal distance traversed expressed in per 
cent (Hilpman and Stewart, 1968). Slopes are grouped into 4 cate- · 
gories: 0 to 2 per cent, 2 to 5 per cent, 5 to 15 per cent, and greater 
than 15 per cent. Approximately 15 per cent of the Mannford area has a 
0 to 2 per cent slope, 45 per ~ent has a 2 to 5 per cent slope, 35 per 
cent has a 5 to 15 per cent slope, and approximately 5 per cent has a 
slope greater than a 15 per cent. Most of the existing structures in 
the Mannford area are located on slopes of less than 5 per cent. 
Plate 2, in conjunction with the grade limitation guidelines (Fig. 
8), indicates that many slopes in the north, central, and southeastern 
portions of the study area are within slope specifications for most con-
struction projects likely to be considered in Mannford. Virtually any 
slope however can be modified for most projects if economic considera-
tions are not involved. 
Slope distribution is a major economic consideration because natural 
slopes frequently require modification to accommodate.structures. The 
cost of excavating soil and rock increases substantially when slopes are 
greater than 5 per cent because of the larger quantities involved, Sand-
stone frequently crops out in the study area where slopes are greater 
than 5 per cent. This further increases costs because of the need to 
blast or rip. Most sandstones in the study area appear to be rippable 
(see Table 11), enabling their removal more economically than if blasting 
is required·. Shales in the study area can be excavated with ordinary · · 
earthmoving equipment. 
Where colluvium occurs on steep slopes, slopes may be unstable (see 
Plates 5 and 2). The silty colluvial unit (Qc-3) probably is more un-
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Fig. 8.-Ranges of slopes suitable for various urban installations and activities. Data extracted from Hilp-




stable than the other 3 colluvial units. 
Drainage Map 
The drainage map (Plate 3) shows the network of intermittent 
streams in the study area; the only former perennial stream in the area 
(Salt Creek) has been covered by Keystone Reservoir. The drainages 
shown are a composite of drainages on published topographic maps at a 
S(:!ale of 1:24,000, aerial photographs, and the Creek County Soil Map 
(see Appendix 3, p. 86). 
An accurate drainage map is important in planning storm drainage 
networks and transportation routes. Watershed geometry and precipita-
tion data (see section on Climate), supplemented by runoff measurements 
and local experience, will enable the engineer to make preliminary esti-
mates of the size and location of storm drainage networks and to design 
bridges, culverts, and fills for road ne~works. Bridge, culvert, and 
fill construction disturb the balance between channel geometry and water 
flow, To restore the balance, local channels may require widening or 
straightening. Drainages that parallel roadfills may require lining to 
prevent infiltration into the fill. As more of the Mannford area is 
developed, of course, substantially greater runoff volumes are to be 
anticipated as buildings, parking lots, and streets cover more of the 
land surface. 
Bedrock Geologic Map 
The bedrock geologic map (Plate 4) shows the distribution of con-
solidated rock units in the Mannford area as if all unconsolidated ma-
terials had been stripped away. ·Bedrock in the Mannford area consists 
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of an alternating sequence of sandstones and shales with thin sandstone 
interbeds, which crop out in approximately north.,..south trending bands. 
The cross section included on Plat~ 4 allows projection of bedrock units 
into the subsurface. 
The bedrock geologic.map can be.utilized as a bedrock·engineering-
, feasibility map for correlating engineering test data and local exper~ 
ience with the various units, A complete description of each bedrock 
unit is included in the sect;ion on Bedrock Stratigraphy. 
Surficial Geologic Map 
The· surficial geologic map (Plate 5) shows the exposed bedrock, 
colluvium, alluvium, and artificial fi.11 in the Mannford area as if .all 
pedologic.soils had been.stripped away, Unconsolidated materials, ex-
cluding pedologic soils, cover approximately 50 per cent of the area, 
A description of each unconsolidated surficial unit.is included in the 
section on Quaternary Stratigraphy. 
Colluvium occurs in much.of the study area but is most common west 
of the reset"Voir and downslope from the Tallant Formation, The blocky 
colluvium (Qc-1) appears to be the only colluvial unit found east of the 
reservoir in the study area, Flood-plain and terrace alluvium are pres-
ent along 4 of the intermittent drainages above conservation pool level 
(720 ft.) in the study.area. Other terrace deposits occur locally along 
th,e shoreline of the reservoir. Artiffcial fill is present in the 
business district, roadfills, and along the railroad. Bedrock lithology 
.is shown where bedrock crops out at the surface. 
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Soil Map 
The soil map of the Mannford area (Plate 6), extracted and enlarged 
from the Creek County Soil Survey (H. C. Oakes, 1959), shows the distri-
bution of each soil type in the study area. The map served as the base 
map in the preparation of Plates 8-12. When Plates 8-12 are placed over 
the soil map, each pedologic soil within a factor map pattern (low, 
moderate, or high) can be identified and evaluated with respect to its 
erosion susceptibility (Plate 8), corrosivity potential (Plate 9), rec-
reational suitability (Plate 10), plasticity characteristics (Plate 11), 
and geologic constraints for general land use (Plate 12). 
Depth to Bedrock Map 
The depth to bedrock map (Plate 7) shows the distribution and thick-
ness of the regolith in the Mannford area. Approximately 40 per cent of 
the study area has bedrock exposed or within 2 ft. of the surface. 
Regolith 2 to 4 ft. thick covers 40 per cent, 15 per cent is covered by 
4 to 6 ft., and approximately 5 per cent is covered by more than 6 ft. 
of unconsolidated materials, 
The depth to bedro.ck map, using a 2-ft. depth interval, has been 
constructed utilizing refraction seismic data, shallow borings, and 
visual inspection •. Many of the visually determined depths shown on 
Plate 7 are from bedrock exposed at the surf ace over distances frequent-
ly in excess of 300 ft. Control points occur along the bluffs, on 
both sides of the reservoir in the south ... central and south.-eastern por-
tions of the study area, and the sandstone-capped benches bordering the 
rest of the reservoir. A maximum of , 1. point was recorded on the map 
for each 300 ft. (linear) of exposed bedrock in these instances. Most 
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Of the depth-zone lines are dashed to indicate the approximate position 
of the contacts. P.. detailed description of the procedure developed and 
. ' 
. of·: problem~ encQun:i:ered :.tfi .the· ~e~raction seismic survey are discµ$,.~.e·d·:~ 
• -"":·' ·.~~-::--:;..-;-,;;.. i, ... __ ...:__,.. ·.-..: 
· in Appendix. 3 (p. ·89). 
The primary application of Plate 7 is to delineate bedrock depth 
with sufficient accuracy to indicate where consolidated rock will inter-
fere with construction. Fig. 9 shows several minimum excavation depths 
for various subsurfac~ installations in the Mannford area, Oklahoma. 
Local construction experience will dictate which depth requirements can 
be adjusted. 
A major obstacle will be encountered in the installation of utility 
poles, fuel lines, underground cables, and water lines when the depth to 
sandstone is less than 3 ft. Shale, however, can be excavated by con-
ventional earthmoving equipment. Table 9, Plate 7, and Plate 4 should 
be used together when subsurface projects are planned, especially in the 
western and eastern portions of the study area where depth to sandstone 
is commonly less than 3 ft. 
Erosion Susceptibility Map 
The erosion susceptibility map (Plate 8) delineates zones of vary-
ing erosional susceptibility based on runoff potential. Runoff poten-
tial is estimated on the basis of slope, permeability, and soil texture. 
The soils are grouped on their behavioral similarities. Approximately 
45 per cent of the area is classified as highly susceptible to erosion, 
50 per cent as moderately susceptible; and 5 per cent of low erosional 
susceptibility. Those receiving high susceptibility ratings generally 
are on steep slopes with low permeabilities; conversely, low suscepti-
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Fig. 9.-Minimum depth requirements for various urban projects in east-central Oklahoma. Data modified from 




bility group members tend to be on gentle slopes with high permeabili-
ties. Sands generally would be permeable enough to be grouped in the 
low susceptibility class except that they are susceptible to wind 
erosion. Silts and clays can be both moderately and highly susceptible 
to erosion depending upon the percentages of silt and clay and the 
slopes involved. 
Careful land management of vegetation can significantly reduce soil 
erosion throughout the Mannford area. It should be emphasized that soil 
erosion is likely to occur on previously undeveloped tracts of land 
when construction, recreational use, and other non-agricultural activ-
ities destroy existing vegetation. 
Map of Corrosivity Potential for Uncoated Steel Pipe 
The corrosivity potential map (Plate 9) shows zones of varying cor-
rosivi ty for uncoated steel pipe. Based on the soil's internal drainage, 
permeability, pH, resistivity, and texture, 3 classes of corrosion po-
tential are recognized. Appro'.ltimately 95 per cent of the area is 
classified as being of moderate tp high corrosivity potential making 
corrosivity an important factor in the subsurface installation of pipes, 
cables, metal fence posts, metal pilings, and tanks of various types. 
Mannford should consider installing~composition pipe where local ordin-
ances permit. Where ordinances require steel pipe, it should be coated 
and routed to avoid as many highly corrosive soils as possible. 
Recreational Suitability Map 
The recreational suitability map (Plate 10) delineates zones in 
the study area on the basis of traf;ficabi;l.ity, texture, permeability, 
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and depth to bedrock. Approximately 75 per cent of the study area is 
classified as.low recreational suitability, 20 per cent as moderate, and 
5 per cent as good. Trafficability is defined in this study as the re-
action of a soil to human or vehicular loading. Low trafficability soils 
when loaded undergo either compaction (clayey soils) or loss of stability 
(sandy soils). Stability is used here in the sense that sandy soils 
under loading from vehicles, human, or animal feet have a tendency to 
move down and laterally thereby destroying the roots of vegetation. 
Since no distinction is made as to whether the recreational site should. 
be developed or undeveloped, minimal attention is given to topography as 
a factor. It is obvious, however, that topography is. an important fac- · 
tor in the selection of recreational land. The type of use intended will 
determine the kind of topography that is usable. Plate 2 can be consul-
ted to ascertain slope. 
Selection and maintenance of recreational facilities are important 
to Mannford because of the economic bene;f its gained from tourists visit-
ing the area and from making the city appealing as a suburb of Tulsa. 
Mannford is blessed with excellent facilities for water sports but a 
need exists for parks, golf courses, and other developed recreational 
facilities. Much of the Mannford area is rather poorly suited for some 
recreational uses because of low trafficability, shallowness of bedrock, 
and low permeabilities associated with clayey subsoils. Most of the 
acreage of moderate recreational suitability is located in the north-
central and southwestern portions of the study .area. 
Map Showing Plasticity of Solum and of Subsoil 
Plate 11 shows the areal distribution of soil plasticity for all of 
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the pedologic soils in the Mannford area. Each soil type is grouped into 
a 2-letter classification on the basis of the plasticity of the solum 
(A and B horizons) and of the subsoil (C horizon). Categories utilized 
in establishing the liquid limit and plasticity index ranges for various 
groupings are shown on the explanation of Plate 11. These include 4 
soil groupings that indicate plasticity and a fifth designates formerly 
oil- and brine-wetted soils. Approximately 95 per cent of the Mannford 
area exhibits low (classified AA) and moderate (classified AB and BB) 
plasticity with the remaining 5 per cent approximately equally divided 
between highly plastic (BC) and formerly oil- and brine-wetted soils (P). 
The purpose of the plasticity map is to show the soils of the Mann-
ford area that are likely to undergo changes in volume as a result of 
changes in moisture (shrink and swell). Highly plastic soils can be 
identified and generally avoided allowing exploration efforts and re-
sources to be maximally utilized in selecting suitable construction sites 
and fill materials. 
Moderately to highly plastic soils of fer serious problems to road-
beds, basements, and foundations. These soils typically have low shear 
strengths and are susceptible to settlement. Stresses developed by ex-
panding or contracting soils can produce extensive cracking of struc-
tures. Soil expansion and contraction in some instances can be minimized 
by insuring proper drainage under and around the foundation. Proper 
drainage must be determined by the engineer, but one or more of the fol-
lowing procedures can help to minimize such effects: (1) installing per-
forated pipe under the foundation; (2) extending gutters beyond the 
foundation; and (3) placing a concrete, asphalt, or plastic apron around 
the foundation. These same moderately and highly plastic soils should 
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be avoided if possible as fill materials for the reasons mentioned above. 
Geologic Constraint Map for General Land Use 
Generally, factor maps present a specific type of physical informa-
tion. Frequently, however, urban planning is dependent upon several 
physical factors requiring decisions incorporating a combination of 2 
or more factor maps. The map, resulting from the combination of several 
factor maps, is termed a suitability map (Hilpman and Stewart, 1968), 
Plate 12 zones the Mannford area into 3 land-use classes on the 
basis of corrosion potential, plasticity, erosion susceptibility, and 
depth to bedrock using a weighted averaging technique (see Appendix 3, 
p. 94). Alluvium, considered to be high in flood potential, is grouped 
in a separate category under major geologic constraints. The acreage 
between the reservoir and the U.S. Army Corps of Engineers maximum flood 
control pool (754 ft.), shown by the dashed line on Plate 12, is suscep-
tible to flooding. The area is zoned as if it were not susceptible to 
flooding since some construction, excluding housing, may be.allowed by 
the U.S. Army Corps of Engineers. It should be stressed, however, that 
flooding may occur in this area during periods of high precipitation in 
the Arkansas and Cimarron River drainages. 
The purpose of this highly interpretative map is to indicate those 
areas where minor to moderate constraints are expected to occur in the 
construction of streets, roadways, foundations, and subsurface utilities. 
Minor to moderate constraints mean that an area has low flood potential, 
low to moderate corrosion potential, low to moderate plasticity, low to 
moderate erosion potential, and depth to bedrock generally greater than 
3 ft, Approximately 10 per cent of the study area is of minor, 80 per 
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cent is moderate, and 10 per cent is of major geologic constraints, 
Most of the present 4evelopment 1 in the Mannford area has occurred in 
areas of minor to moderate geologic constraints. A mile-wide strip 
running from north to south through the west-central portion of the 
study area appears to be the area best suited for further community de-
velopment, Minor to moderate 1geologic constraint indicates. that most 
limitations of construction sites can be overcome readily, For example, 
corrosivity can be minimized by using composition pipe where local or-
dinances will permit and by providing adequate drainage in areas where 
moderately plastic soils are present. Erosion on construction sites can 
be minimized by seeding of slopes as soon as possible. 
Because of the interpretative nature of Plate 12, the information 
should be used with care. An area mapped as being of minor geologic 
constraint may be adequate for 1 set of project requirements but only 
moderately suitable for another depending upon the relative priority of 
the variables being considered in a particular project, 
ENVIRONMENTAL GEOLOGY INTERPRETATIONS 
The interpretations made in this section are based upon the data 
summarized in the sect:lons on Structural Geology, Soils, Ground Water, 
Engineering Geology Data, and upon the 12 factor maps of the Mannford 
area. 
Liquid Waste Disposal 
Frequently associated with the industrial growth of an area is the 
problem of disposing of liquid wastes. Previous oil production may ·:re-
sult in number of abandoned and unplugged well~making a decision to 
dispose of liquid wastes in the subsurface a great risk. Unplugged 
wells produce an open formation condition in the shallow subsurface 
geologic units which may result in ground water and surface-water poa-
lution by waste fluids during or after injection. 
Before the Mannford area is considered for subsurface disposal of 
fluids, a thorough investigation should be conducted using all available 
well information possibly supplemented ~ith information from exploratory 
wells. Consideration also must be given to locating as many of the 
abandoned wells as possible and to plugging them. A hydrologic evalua-
tion of the ground-water system also should be conducted (see Ground 
Water section) to determine the type, depth, quality, and flow regime of 
the ground-water system in the area at least as deep as fresh water is 
found an possibly even deeper. Obviously~ such exploration would be 
extremely expensive and the Mannford City Council might, under such 
,- I. 
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circumstances, elect to restrict any development of industry which might 
produce toxic liquids that might require subsurface disposal. 
Because of (1) the cost of locating and plugging all abandoned oil 
wells in the area; (2) the lack of sufficient data concerning·the ground-
water system; and (3) the costs involved in evaluating the subsurface 
ground-water system, disposal of wastes by injection should be generally 
avoided in the study area. 
Solid Waste Disposal 
The only practical method of solid waste disposal is to bury it in 
relatively impermeable material such as shale since many leachates may 
be toxic. Many communities locate sanitary landfills in alluvial de-
posits of high permeability along stream drainages. As a result, streams 
and lakes have been polluted by direct surface runoff from landfills 
and by percolation of leachate into ground water which in turn enters 
local drainages where the water table intersects the streams. 
Sanitary landfills should be located in low-permeability materials 
that are not in close proximity to subsurface aquifers, springs, seeps, 
or local stream drainages. Sanitary landfills in the Mannford area 
should be situated on the west side of the reservoir, since the bedrock 
dips to the west, to avoid down-dip movement and discharge of leachates 
into Keystone Reservoir. Covering the top and walls of landfills with 
clay or some other impermeable materials such as plastic films will re-
duce the amount of leachate migration. 
A Tulsa firm currently disposes of Mannford's solid waste in the 
Chandler Park area of Tulsa. In the future, Mannford will dispose of 
its own solid waste. A new disposal site is being investigated west of 
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the reservoir in the Terlton area near Oklahoma Highway 48 approximately 
4 mi. northwest of Mannford (M. C. Kimberly, 1972). This site, located 
in Pawnee County, is in the Vamoosa Formation. 
Keystone Reservoir Pollution 
The pollution sources for Keystone Reservoir in the Mannford area 
are both natural and man-made. The Salt Fork of the Arkansas River, 
northwest of the study area, ~nd Salt Creek of the Cimarron River drain-
age, within the study area, contribute natural chlorides to Keystone 
Reservoir. Local residents indicate that Salt Creek, prior to the con-
struction of Keystone Reservoir, was considered to be high in dissolved 
chlorides. Salt Fork of the Arkansas probably contributes more natural 
chlorides than Salt Creek to the natural pollution of Keystone Reservoir 
within the study area. 
A major pollution source for Keystone Reservoir in the Mannford 
area is sediment eroded from slopes and transported into the reservoir. 
The soils zoned as being of high erosion susceptibility pose the largest 
potential sediment contribution (Plate 8). Erosion generally can be 
controlled by seeding exposed slopes and by maintenance of existing 
vegetation along the intermittent drainages. 
Pollution from oil seeping into Keystone Reservoir does not appear 
to be a serious problem in the study area. Only 1 abandoned well, 
outside the study area, has required plugging since the reservoir was 
completed. Leakage of brine or petroleum, however, is possible from the 
unknown number of unplugged oil wells suspected to be present below the 
reservoir's conservation pool level as secondary recovery operations 
are conducted in oil fields in the area. Detection of oil seeps is 
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relatively simple but finding and plugging wells within the reservoir is 
very difficult. 
Foundation Conditions 
Plate 5 (surficial geology), Plate 7 (depth to bedrock), Plate 11 
(plasticity of solum and of subsoil), and Plate.12 (geologic constraint 
for general land use) are useful in appraising local foundation condi-
tions. Examination of each of the maps will identify the type of foun-
dation problem expected to. occur at any si~e being considered. 
Soils with liquid limits greater than 30 or plasticity indices 
greater than 20 are the most susceptible to shrinkage and swelling with 
changes in moisture. The following procedures should help to minimize 
such effects: (1) the installation of perforated drainage pipe under 
foundations; (2) the construction of concrete, asphalt, or plastic aprons 
around foundations; and (3) roof qrains extended well beyond foundations. 
Silty and clayey surficia! deposits including the Teller, Mason, 
Okemah, and Woodson ~oil Series and the silty colluvial deposit (Qc-3) 
offer serious problems to roadbeds, basements,; and foundations. These 
moderately to highly plastic soils typically have low shear strengths 
and are susceptible to settlement. 
Sandy surficial deposits in the Mannford area including the Eufaula, 
Stephenville, Darnell, and Dougherty $oil Series and the sandy colluvial 
unit (Qc-2) ,visually appear to be in a rather loose in-situ condition. 
Buildings constructed on such deposits, if not compacted prior to con-
struction, may undergo settlement as a result. of the rearrangeme.nt'·of · 
sand g~ains because of static loading produced by the structure or be-
cause of vibrations. 
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One of the more important factors affecting foundation construction 
is depth to bedrock. Sandstone commonly occurs within 3 ft. of the sur-
face in the study area. Shales occurring within 3 ft. of the surface 
are not a problem since they can be excavated by conventional earthmov-
ing equipment. Table 11 indicates that the sandstones in the Mannford 
area are rippable with a D-9 Caterpillar tractor. Generally, ripping of 
sandstone is possible as long as bedding planes and joints are 3 ft, or 
less apart. Where sandstone is massive and not well jointed, blasting 
may be necessary. Local construction experience will dictate which 
techniques are most satisfactory when such problems arise. 
Bedrock is so shallow in much of the study area that most heavy 
structures may be founded directly upon bedrock. The Rock Quality Desig-
nation (see Table 10) suggests that buildings without basements, which 
require high bearing capacities, may be founded directly upon sandstones 
which are at least 3 ft. thick and relatively free of joints. Buildings 
with basements, which require high bearing capacities, may be founded 
directly upon shales depending upon the shear strength, density of 
joints, thickness, and other engineering properties of the unit. Sand-
stones probably should be avoided where basements are planned for eco-
nomic reasons. On-site investigations and local experience will deter-
mine the feasibility of such practices at each site. 
Erosion Control 
Some of the soils in the area contribute substantial amounts of 
sediment to Keystone Reservoir (M. C. Kimberly, 1971). Surface gulley-
ing and silting of storm sewers are also problems resulting from soil 
erosion. Plate 8 should be used to identify areas of high erosion sus-
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ceptibility where erosion is a serious problem. Seeding of exposed 
slopes and intermittent drainages should substantially reduce the amount 
of erosion and minimize the headward erosion of gulleys. 
Erosion also is a potential problem in recreational.areas (Plate 
10). Erosion may become serious where sandy and silty soils are sub-
jected to human or vehicular traffic and where slopes are greater than 
5 per cent. 
Slope Stability 
Although local officials indicate that slope stability problems in 
the study area are local and minor, the Vamoosa and Barnsdall Formations 
are susceptible to slumping and backslope failure when slopes are on the 
order of 2:1 or greater (see Table 11). Unconsolidated materials or 
shales may be susceptible to slumping where steep natural slopes occur. 
Any excavations for roads; foundations, basements, and ditches also are 
susceptible to slul!'lping. Where sand$tone blOcks, bounded by bedding 
planes and joints, occur on very steep slopes such as roadcuts, there is 
a danger of rockfall. 
E.xcava ti on 
Some excavation problems probably will be encountered in the study 
area as a res.ult of springs, seeps, (see section on Ground.Water) and 
shallowness of bedrock (Plate 7). Table 11 indicates, however, that 
sandstones can be ripped with a D-9 Catepillar tractor where bedding 
thickness is less than 3 ft. and joints occur. Locally, where massive, 
unjointed sandstone is encountered, .other measures based upon lbcal ex-
perience will be required to excavate bedrock. 
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Springs and seeps are possible virtually anywhere a sand-
stone overlies a shale in the study area. Springs and seeps have been 
observed by the author, during the late win,ter, flowing from the base of 
i 
the lower Tallant (IPt-1) and the base of the Vamoosa sandstone (IPv-1). 
Contact springs may develop in the area following rainy periods in both 
old and new excavations. If a contact spring occurs in an excavation 
for a foundation, water may soften the material under the foundation and 
reduce its shear strength, or produce settlement of the structure during 
and after construction. The leakage of water into structures also is 
possible. If seeps are encountered in excavations and temporary ditches, 
particularly in shales, shoring and sump pumps should prevent failure of 
the walls. Temporary ditches in unconsolidated materials should be 
shored even if water is not a proble~. 
Mineral Resources 
Oil exploration in the past in the Mannford area was rather exten-
sive. During the period from 1922 to 1959, there were 471 producing oil 
wells within a 6 mL radius of Mannford (M. C. Oakes, 1959, p. 69). Oil 
exploration today in the Mannford area·is virtually nil. Several wells, 
however, still are producing in the area, 
A more current problem associated with oil production is the in-
stallation and maintenance of pipelines. Plate 9 shows the moderately 
to highly corrosive zones expected to cause pipeline corrosion problems. 
Since several pipelines do cross Keystone Reservoir outside the study 
area, corrosive failure may occur because of the dissolved chlorides in 
the water. Density differences between saline and relatively fresh 
water may produce stratification of the water with the saline water con-
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centrated along the bottom of the reservoir. Corrosion might be reduced 
if it were possible to suspend pipelines above the more saline layero 
Sources of sand, gravel, and curshed limestone are not available 
within the study area. ~he Lost City Member of the Hogshooter Limestone, 
approximately 15 mi. east of Mannford, offers the primary source of 
crushed limestone for concrete in the study area. Another possibility 
is a limestone unit of the Dewey Formation. The unit is approximately 5 
ft. thick and crops out about 5 mi. east of the study area. Since the 
alluvium of the Cimarron and Salt Creek drainages are covered by the 
reservoir, local contractors generally obtain sand and gravel from the 
Arkansas Valley alluvium, near Sand Springs, 15 mi, to the east of Mann-
ford. Several large dredging operations are located along the Arkansas 
River, near Oklahoma Highway 51, within easy access of Mannford. 
Seismicity 
The Mannford area, although not generally considered prone to 
earthquakes, does occur in an area of low probability for earth tremors 
(Algermissen, 1966). Algermissen shows the study area to have a higher 
probability for earth tremors than does approximately 80 per cent of the 
United States. Although no major earthquakes are known to have occurred 
in the area in historical times, a few earth tremors have been felt in 
east-central Oklahoma. Although the probability of earthquakes that 
would be dangerous to life and property is low, the possibility does 
merit consideration in the design of large buildings and other large 
structures. 
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APPENDIX 1: GLOSSARY 
AASHO Classification--American Association of State Highway Officials 
Classification; a classification based upon highway performance; 
based upon plasticity and texture; indicates the suitability of 
soils for highway construction~ 
A Horizon--The uppermost zone in the soil· profile from which soluble 
salts and colloids have been leached and in wpich organic matter 
has accumulated. 
Alluvium--Unconsolidated material deposited by a stream. 
Aquifer-•A body of earth material which has distinct boundaries and in-
cludes units of materials that together permit an appreciable 
volume of water to move from one boundary toward another under 
ordinary field conditions. 
Bedding--Separate individual layers (beds or laminations) in sedimentary 
rocks. 
Bedrock--Consolidated rock exposed at the surface or underlying the 
regolith. 
Bench, sandstone-capped--A comparatively level, narrow and raised land-
form capped by sandstone. 
B Horizon--The lower part of the solum which is enriched by decomposi-
tion or precipitation of material from the overlying A horizon. 
C Horizon--The unconsolidated or weathered material from which a soil 
has been derived. 
Clay--Sediment composed principally of particles less than 0.0039 mm. 
in diameter (range used by the geologist); less than 0.005 mm. in 
di.ameter (ran,ge used by the ~~gi-p.eer). 
' 
Colluvium--Unconsolidated material that has beert moved down slopes under 
the influence of sheet wash and creep. 
Conglomerate--Consolidated sedimentary rock composed largely of rounded 
rock fragments greater than 2 mm. in diameter. 
Creep-.... The imperceptibly.slow downslope movement of rock and soil 
materials. 
Cross-bedding--An arrangement of stratification of rock :i,.nclined to over-
all bedding planes. 
Dendritic drai-nage...;:...rhe drainige patte'l;'n characterized by irregular 
branching (branch-like) with tributaries joining the main streams 
at all angles. 
Dip--The angle and direction of inclination of a sl~ping bed of rock 
always measured perpned,;1.cular to strike. Dip is commonly expressed 
in degrees of inclination belqw the horizontal (or in ft./mi.) and 
generalized compass direction of dip. 
Dolomite--Conso!idated sedimentary rock having a composition of CaMg 
(co3) 2; will produce gas wpen diluted hydrochloric acid is applied 
to powder. 
En Echelon--Parallel features such as faults that are off set like the 
edges of shingles on a roof when viewed from the side. 
Environmental Geology-.-The branch of geology dealing with the relation-
ships between man and his geological habitat. 
Escarpment':"-A sharp and steep slope extending a substantial distance, 
Factor Map--A map presenting one. or more types of.geologically related 
information of environmental significance, 
Flood-Plain--A strip of relatively smoa.th land bordering a stream under-
lain by alluvium and sub~ec'!: '!:o flooding by the stream. 
Formation--A formally named geologic unit;,that can be recognized in the 
field and that is thick enough to be mapped at a scale of 1:25,000. 
Geologic Map--Map showing geographic distribution of geologic units at 
the surface or.in the subsurface. 
Geomorphology:--That branch-of geology which deals with the form, general 
corifiguration, and evolution of land.forms,· 
Grade--:-The measure of inclination defined as the ratio of change in 
elevation in feet to the horizontal distance traversed expressed in 
per cent. 
Hydrology--The science of water. 
Illuviation--Deposition in the B horizon of colloids,!soluble salts, and 
mineral particles which have been leached from the .A horizon, 
Initial Dip--The angle of slope of bedd~ng surf aces at the time of de-
position; the contacts between layers usually being approximately 
parallel with the surface of deposition. 
In-situ--A term indicating that a material is in its .natural position or 
place. 
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Interbedded--Two or mor~ types of geologic materials occurring in alter-
nating beds. 
Intermittent Stream--A stream which flow~ only part of the year, as 
after a rain. 
Joints--A fracture in rock across which no appreciable movement has oc-
curred. 
Landform ... -Erosional or depositional featl,lre that makes up part of the 
surface of the earth. 
Leachate--Water that has filtered through a deposit of a natural or man-
· made nature picking up material in solution. 
Lenticular--Lens-shaped. 
Liquid Limit--The moisture content of a·clayey material at the point 
where it passes from a plastic to a liquid as determined with a 
liquid limit.instrument. 
Mappable Unit--A deposit, including formations, that can be recognized 
in the field and is large enough to be shown on a map. 
Massive--Term applied to geologic peds greater than 3 ft, in thickness 
and consist:f,ng of only one typ~ of rock. 
Mottling--Blotchy vari~tions in color caused by poor drainage in uncon-
soli.d.ated deposits and weathered materials. 
Nodule--Sma11 more or less rounded body generally somewhat harder than 
the enclosing sediment or rock matrix. 
Outcrop--An exposure of rock. 
Parent Material~-The weathered bedrock or unconsolidated material from 
which soil is derived by soil-forming processes. 
Pennsylvanian Peri.od--The geologic t;Lme period during which the rocks 
·found in the study area were deposited; approximately 270 to 325 
million years ago. 
pH--Refers to acidity or alkalinity; scale ranges from extremely acidic 
(pH=l) to extremely alkaline (pH=14); neutral (pH=7). 
Permeability--The property of rock or unconsolidated material which 
allows it to transmit fluids. 
Plasticity Index--Numerical difference between liquid limit and plastic 
limit of a specific soil. 
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Plastic Limit--Moisture content at which a soil changes from the solid 
state to the plastic state; moisture content at which a soil will 
just begin to crumble when rolled into a thread 1/8 in, in diameter. 
Porosity--Pore space in a rock or sediment expressed in per cent. 
Quaternary Period--The most recent geologic period; approximately the 
last 1 million years. 
Refraction Seismic Technique--Geophys:i,cal exploration technique based 
upon measuring the rate of transmission of comp):'essional.waves 
through earth materials. 
Regolith--The mantle of weathered rdck, unconsolidated material, and 
pedologic soils that commonly overlies bedrock. 
Residuum--An unconsolidated deppsit which is weathered in place. 
Rippability--Susceptibility of a rock to be broken by a ripping device 
pulled or pushed by a D-9 Caterpillar tractor or its equivalent. 
Rock Units--A becl of roc.k, a group of beds of rock, or any rock body 
that exhibits properties that allow it to be distinguished from 
other nearby rock bodies. · 
Sand--Sediment ranging in size from 0.062 to 2.0 mm, in d:;Lameter (range 
used by the geologist); 0.074 to 2.0 mm. in diameter (range used by 
the engineer); sand is sediment which passes the No, 10 sieve but 
is too large to pass through th~ No. 200 sieve.· 
Sandstone--Consolidated sedimentary rock consisting of sand grains ce-
mented together by materials such as calcite, silica, iron oxide, 
and clay. 
Seep--An area where water comes to the surface from underground satur.,... 
ating surface materials. 
Seismic Velocity--The rate of propagation of seismic waves in earth 
· materials usually measured in ft;/sec. 
Seismicity--A property of the earth pertaining to its ability to produce 
earth vibration (earthquakes). 
Se.ries, Soil--fl'he basic soil mapping unit; each sel'.ies has characteris-
tic structures, textures, chemistry, and mineralogy. 
Shale--A consolidated sedimentary rock consisting predominatly of clay-
sized particles; lithification is by compaction and cementation. 
Sheet Wash--Movement of water down a slope in which the water is not con.,.. 
centrated in streams. 
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Shrink and Swell--A process of expa~sion and contraction which occurs in 
soils, shales, artd clays containing those clay materials which ex-
pand when wet and contract when dry. 
Silt--A unconsolidated elastic sediment ranging in size from 0,0039 to 
0.062 mm, in diameter (range used by the geologist); 0.005 to 0,074 
mm, in diameter (range used by the engineer), 
Soil--1. Soil science (pedology): material at the earth's surface which 
has been modified and acted upon by physical, chemical, and biologi-
cal agents and that has developed horizons with characteristic 
structures, textures, chen,i.istry, and mineralogy; 2, Geo:1-ogy and 
popular; unconsolidated m"'t;erial at the earth'' s surface that will 
support plant life; 3. En~inee;i:-ing: unconsolidated material of any 
type no matter where it O(?curs, 
Solum--The upper portion of a soil profile in which the processes of 
soil formation are active; the solum in a mature soil includes the 
A and B horizons. 
Spring--An area where water comes to the surf ace (in greater volume than 
a seep) from underground, saturating surface.materials. 
Stratigraphy--That branch of geology which deals with the formation, 
composition, sequence, and correlation of consolidated and uncon-
solidated rock. 
Strike--The direction or.bearing of a horizontal line in the plane of an 
inclined stratum, joint, or fault. 
Subsoil--Term applied to the C horizon (parent material) of a pedologic 
soil. 
Surficial--Geologic materials or units, consolidated or unconsolidated, 
that crop out at the surface. 
Terrace--Elevated remnant of an old flood-plain left behind by a down-
cutting river. 
Thick-bedded--Strata in which bedding ranges from 4 in. to 3 ft, in 
thickness. 
Thin-bedded--Strata in which bedding ranges from approximately 1 to 4 
in, in thickness. 
Water Table--The level below which consolidated and unconsolidated rock 
are saturated with water .. 
' Weathering--The physical and chemical breakdoWl;l of consolidated and un-
consolidated rock materials at the earth's surface,. 
Definitions of some of the above terms were taken or adapted from: 
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Anonymous, 1960, Dictionary of geological terminology: Garden City, 
New York, Am. ,Geol. In~t., 545 p. 
Anonymous, 1962, PCA primer: Evanston, Illinois, Portland Cement 
Assoc~, p. 16, 35-36. 
Dobrin, M. D., 1960, Introduction to geophysical prospecting: New 
York, 'McGraw Hill Pub. Co., p. 69-103. 
Howell, J. v. (Chairman), 1957, Glossary of geology and related 
sciences: National Academy of Sciences - National Research Council Pub •. 
501. 
Terzaghi, K. and R. B. Peck, 1948, Soil mechanics in engineering 
practice: New York, John Wiley and Sons, p. 32~33. 
APPENDIX 2: BASIC SOIL TEXTURAL CLASSIFICATION 
The textural cJ.assification used in this study was developed by 
the Soil Conservation Service of the U.S~ Department of Agriculture 
(Anonymous, 1937, p. 201). Under this system of classification, soils 
are grouped into categories based on their relative percentages of sand, 
silt, and clay (see Fig. 11). The classification utilizes a triangular 
grid which has as its 3 axes the percentages of sand, silt, and 
clay. 
The broad textural grouping of any soil can be determined when the 
percentages of 2 or more of the size fractions (sand, silt, and clay) 
are known. for example, the textu'l;'al classification of a soil contain-
ing 40 per cent sand, 30 p~r cent silt, and 30 per cent clay would be 
determined as follows. Locate 40 per cent sand on the sand axis along 
the bottom. Then move upward.and to the left along this dashed line 
until the 40 per cent s.and line intersects the 30 per cent silt line. 
The point where the 2 lines intersect is also on the 30 per cent clay 
line along the left side of the graph. The intersection of the 40 per 
cent sand line, 30 per cent silt line, and the 30 per.cent clay line 
occurs within the clay loam texture zone. 
Fig. lL-Basi.c sail textural classification. EXtracted 
from Anonymous (1937, p. 201}. 
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APPENDIX 3: PROCEDURES AND PROBLEMS RELATED 
TO FACTOR MAP PREPARATION 
The purpose of this section is to discuss the techniques, method-
ology, and problems i1wolved in the preparation of each factor map. 
Top0graphic Map 
The topographic map (Plate 1) is a composite of parts of the 7~­
min. Keys~one Dam and Mannford SE Quandrangles pµ.blished by _1;he U.S. 
Geological Survey. The composite map was enlarged from a scale of 
1:24,000 to 1:12,000. 
Slope Map 
Slopes in the Mannford area were mapped using a special template, 
existing 7~-min. topographic maps, aerial photographs, and field ob-
servation. The template can be used to measure slope variation on any 
7~-min. topographic map with a 10-ft. contour interval by comparing 
contour line spacings on the topographic map with defined slope ranges 
on the instrument (see Fig, 10). The template is placed at right angles 
to any pair of contour lines. Contour line spacing for each slope 
category on the instrµ.ment is then checked with the spacing between the 
selected pair of contour lines on the topographic map. When the spacing 
between the selected pair of contour lines corresponds to. the spacing 
between 2 lines on the.template, the per cent siope.is read from the 
instrument. The template is then moyed along the selected pair of con-
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tour lines .until the spacing :l.ncreased or decreased sufficiently to 
change slope categories~ A boundary line is cirawn on the topographic 
map at right angles to the p1;lir .of contol,lr lines at. the l"cat:i,on where 
the slope changes categories. The process is repeated for each pair of 
contour lines over the entire studyarea utilizing the 4 categories de-
fined on.the instrument (Fig. 10) and in ~he Slope Map subsection of the 
section on Factor Maps and Their Uses. 
Normally areas on the slope map (Plate 2) show an incremental change 
in slope from less than 2 per ce~t.increasing upward to slopes of great-
er than 15 per cent. In some areas, however, where slope changes rapid-
ly by more than 2 categories, topography and map scale prevent a delinea-
tion of the middle slope.qategory. For example, a slope may change 
rapidly from greater than 15 per cent to less than 5 ,per cent, but 
topography and available map space prevent delineation of the 5 to 15 
per.cent.category. 
The smaller the contour interval and the larger the horizontal scale 
of a topographic map the more accurately slope can be determi,ned without 
field work. Since the contour interval is 10 ft. and the horizontal 
scale is 1:24,000 on the topographic maps µsed in this study, the exact 
geometry of each slope cannot.be determined from the tqpographic map 
alone. Some interpretation, based upon field obse~ation and aerial 
photographs, was necessary in order to visualize de"Cail's.of top()graphy 
which are not sharply delineated on the t 0pographic map. In some areas, 
field checking was done. 
Drainage Map 
Published s9urces including the Creek County Soil Map and u.s.G.S. 
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topographic maps, supplemented by aeiial photographs and field observa-
tion, were used to compile a composite drainage map (Plate 3). The 
drainage map differs in some details from published maps. The author 
resolved the differences between the topographic map, soil map, and 
aerial photographs by relying on ae~ial photographs and field observa-
tion. 
Bedrock Geologic Map 
I 
Field mapping of bedrock geology (Plate 4) in the study area was 
completed during the summer of 1971. The Oklahoma Geological Survey has 
published a geologic map of Greek County (M. G. Oakes, 19-59) at a scale 
of 1 in. = 1 mi. which aided in mapping the study area on a larger scale. 
The author made a reconnaissance of the area by car and on foot along 
the section lines, roads, gullies, and drainages. The second step was 
to measure the most complete stratigraphic sections available. The 
author used the formational boundi;tries defined by Oakes. Many of the 13 
stratigri;tphic sections measured in the area are le:ss than 20 ft. thick 
and covered intervals are common. The measured sections were useful 
primarily in acquainting the author with t;:he bedrock stiatigraphy in the 
area and are not irtcluded in this report because of their discontinuous 
nature, 
The author used field mapping on aerial photographs and comparison 
with the mapping done by M. C. Oakes (1959) in order to produce the bed-
rock geologic map (Plate ,4) • Where adequate control was lacking, the 
position of contacts was estimated taking into account the geometrical 
relationship between dip and topography. The bedrock corfesponds in 
general to the geologic map by M. C. Oakes with the following refine-
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ments: (1) the Wann Formation is divided into a lower shale, a thick 
sandstone, and an upper shale; (2) a dolomite lens is mapped locally in 
.the lower Barnsdall sandstone 4Pb-l) in the east-central portion of the 
study area; and (3) sandstone lenses within the Tallant Formation ap-
pear to be more continuous and locally thicker than is shown by M, C. 
Oakes, 
Surf icial Geologic Map 
The unconsolidated surficial deposits in the study area were mapped 
in the field using natural exposu+es, auger borings, and aerial photo-
graphs, Colluvium was the most difficult unconsolidated deposit to map, 
Augering proved to be rather unsatisfactory because mixing during the 
augering made the different:l;ation of colluvium from other units diffi-
cult. Mottling, structure, and any shale pebbles present generally 
were destroyed by the auger. Colluvium is most easily identified in 
natural gullies, or man-made ditches. Where they do not exist, it is 
best to dig a hole. Since colluvium differs considerably from alluvial 
deposits in texture, color, composition,and topographic position, 
colluvial boundaries on the surficial geologic map are solid lines where 
bounded by sandstone in place or by alluvial deposits. Elsewhere, dash-
ed lines are used. 
Alluvial deposits presented only minimal problems in field mapping~ 
Flood plain and terrace alluvium were mapped on the basis of information 
obtained from auger borings, gulley inspection, aerial photographs, the 
Mannford soil map, and especially on the basis of. geomorphology,. 
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Soil Map 
The Mannford soil map (Plate 6) was extracted from a portion of the 
Creek County Soil Map (H. C• Oakes, 1959). The soil map was then en-
larged from a scale of 1:20,000 to 1:12,000. 
Depth to Bedrock Map 
Depth to bedrock (Plate 7) in the Mannford area was determined using 
visual measurements, seismic refraction, and auger borings. The seismic 
refraction study was conducted with the Electro-Tech Model ER-75-12 
12 channel seismic·refraction.recqrder •. The metll.c;ld, theory~ and 
mathematical analysis of the data are not described here in detail. 
Those interested in such details are referred to Dobrin (1960)~ The 
seismic refraction study involved a 2-layer case.to determine the in-
terface between low velocity regolith overlying high velocity bedrock, 
The only difficulty encountered with the seismic refraction study 
was the establishment of a satisfactory geophone spacing configuration. 
Several fixed geophone spacings were tested including 2 and 3 ft. inter-
vals. Both spacing intervals resulted in a scattering of points on the 
time-distance graphs and an insufficient number of points to define the 
individual velocity slopes. Further experimentation indicated that a 
variable geophone spacing was required. The most satisfactory geophone 
spacing proved to be 2 ft, spacings from 2 to 12 ft. and 3 ft. spacings 
from 12 to 30 ft. from the energy source. Instantaneous dynamite caps, 
placed 1 ft. in the ground, were used as the pulse generator. This 
spacing provided the necessary number of points (5 to 6) for each slope. 
The first and the second velocity slopes represented the regolith and 
bedrock respectively. 
The accuracy of the seismic co~putations for depth to bedrock was 
determined by auger borings taken adjacent to the first 15 shot holes, 
Computed depth to bedrock was within 10 per cent (app~oximately 6 in,) 
of the measured depth, 
Erosion Susceptibility Map 
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The grouping of individual soil types into 3 erosion susceptibility 
classes (Plate 8) is based on an evaluation of runoff potent;fa:l using 
slope, permeability, and soil texture. For example, a soil which is 
primarily silt, found on slopes greater than 5 per cent, and of low to 
moderate permeability would be considered to be of high runoff potential 
placing it in the high erosion susceptibility class. Using the charac-
teristics described above, soil types and their characteristics were 
compiled in tabular form to facilitate eva~uation and grouping. 
Generally, soils were easil:y grouped into one .of the erosion sus-
ceptibility classes, but in some cases, interpretations were required to 
assign soil erosion susceptibility ratings. For example 9 the Okemah-
Woodson soil which has a low permeability and clay loam texture could be 
considered highly susceptible to e~osion, Because the soil is present on 
0 to 2 per cent slopes and the clay has sufficient cohesion to retard 
erosion, the Okemah-Woodson clay loam was placed in the moderate erosion 
susceptibility class. A second example.is the Eufaula Soil Series on 
the island in the northeast portion of the study area, The Eufaula has 
a low runoff potential, because of high permeability, slopes less than 5 
per cent, and a loamy sand texture,• These characteristics normally are 
considered to be.of minimum erosional suscept:i,bility and would place the 
Eufaula in the low erosion susceptibility class if wind erosion was not. 
considered. The Eufaula, however, is very susceptible to wind erosion 
where vegetation has been destroyed and it was placed in the moderate 
erosion susceptibility class under a s~parate wind erosion category. 
Map of Corrosivity Potentia~ for Uncoated Steel Pipe 
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Corrosivity data (Table 15) and the soil surveys of Creek County 
(H. C. Oakes, 1959), Pawnee County (Galloway, 1959), and Hughes County 
(Long, 1968) provided the data necessary to group each soil into 3 
classes of corrosivity potential. The variables considered were inter-
nal drainage, permeability, pH, resistivity, and texture. The corrosiv-
ity map is only applicable to uncoated steel pipe and should not be 
applied to such materials as concrete (Hayes, 1971), Using the charac-
teristic~ described above, soil types and their characteristics were 
compiled in tabular form to facilitate evaluation and grouping into 
corrosivity potential classes. For example, a soil with poor internal 
drainage, low permeability, acidic pH, a resistivity of 1000 ohms/cm,, 
and a clay loam texture would be considered as high in corrosivity 
potential. 
Most soils are readily grouped into corrosivity potential classes, 
but interpretations have been required in some cases since not all soils 
meet every requirement of a particular class. For example, the Mason 
silt loam fits all of the high corrosivity potential requirements ex-
cept resistivity and is placed in the high corrosivity potential class 
because it meets 4 of the 5 class requirements. Another example is the 
formerly oil- and brine-wetted soils. Data are not available to deter-
mine a corrosivity class for these soils, so an estimate has been made 
of their corrosivity potential, The formerly oil- and brine-wetted soils 
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generally can be expected to have a h;i.gh mineral content incl,uding 
chlorides, exhibit an acidic pH, and as a result have a very low resis-
tivity. The formerly oi,1- and brine-wetted soils, therefore, are group-
ed in the high corrosivity potential class u~der a separate category 
based on the estimated properties of the soil and on field observation 
of pipe corrosion in similar soils outside the study area. 
Recreational Suitability Map 
The determination of the recreational suitability of a soil (Plate 
10) is based on trafficability, soil texture, permeability of the least 
permeable layer, and depth to bedrock. Trafficability, a function of 
both texture and permeability, describes the reaction of a soil to human 
and vehicular loading. Clayey soils are considered to be of low traffi-
cability because loading result~ in compaction. Soil compaction prevents 
water and air from entering the soil, causing plants to die. Sandy soils 
also are considered to be of low trafficability because loading causes 
the soil to move down and laterally. This downward and l,ateral movement 
of the soil tears the roots of pl.ants resulting in loss of.vegetation. 
This loss of vegetation, particular~y on moderate to steep slopes, con-
tributes to erosion by running water and by wind. A soil, with good 
recreational suitability has good trafficability, high permeability, 
depth to bedrock greater than 3 ft,, and 30 to 40 per cent silt and 
clay. Using the characteristics described above, soil types and their 
. characteristics were compiled in tabular form to faci;l.itate evaluation 
and grouping. 
In most cases, soils fall readily into recreational suitability 
classes, but in some cases interpre.tations were required to assign soils 
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recreational suitability ratings, For example, the Bates fine sandy 
loam has a moderate trafficability, averages 48 per cent silt and clay, 
has moderate permeability, and locally is less than 3 ft, above bedrock, 
The soil could be grouped in either the good or mo'd:erate recreation13.l 
suitability class depending upon whether slope is a primary considera-
tion. The Bates fine sandy loam is placed in the good class, where 
slope ranges from 2 to 5 per cent and in th,e moderate class where slope 
is greater than 5 per cent, Formerly oil ... and brine"".'wet;ted soils are 
placed in the low recreational suitability class under a separate cate-
gory primarily to avoid distrubing these soils, If these soils were ex .. 
posed to erosion, the minera! salts and any residual oil in the deposit 
might be carried by sheet wash into ~he reservoir. Other soils downslope 
from the formerly oil- and brine-wetted:soils also might be affected. 
Map Showing Plasti~ity of Solum and of Subsoil 
An engineering classification of the plasticity of the solum (A and 
B horizons) and .of the subsoil (C horizon) was developed for this study. 
Plasticity data were compiled from existing laboratory test data on 
soils in Creek County including the Mannford area (see Table 13). The 
classification resembles one utilized in Illinois by Thornburn (1951), 
Each soil is assigned a 2~1etter designation with .the exception of the 
formerly oil- and brine-wetted soils. The first letter indicates the 
average plasticity of the solum and the second of the subsoil. The 
plasticity ranges employed are defined on the basis of liquid limit and 
plasticity index. These ranges can be found in the explanation of Plate 
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11. The plasticity ranges corriespond rather closely with those defined 
on the widely used Casagrande plasticity chart· (Means and Pa'):'cher, 1963, 
P• 121). 
Geologic Constraint Map for General Land Use 
The geologic constraint map is divided intq major, moderate, and 
minor constraint zones based on a quantitative averaging technique. 
Corrosivity potential, plasticity, ap.d depth to bedrock are each given 
a weighted value of 2 and erosion susceptibility a value of l, Utiliz-
ing the weighted averages for each varial:>+.e the follbwing expression is 
employed: 
2[ (90.rrosiyit)! potential~ + (plasticity) +. Geologic Constraint Index = · · · · · 4 
(bedro5k depth) J + (erosion susceptibility) 
4 4 
Numbers.for corrosivity potential, plasticity, e:tc. (for a particu-
lar soil type) are assigned (!.•!:..•'low, moderate, or high) on the basis 
of how that soil was classified on other factor maps. High categories 
(meaning that a soil is desirable for a particular use) are assigned a 
2; moderate categories a l; low categories a zero. When high means 
undesirable, the numerical scale is reversed. For example, soil A is 
of moderate corrosivity, high plasticity, and very shallow (less than 
2 feet.to bedrock), .and highly susceptible to erosion. Soil Bis of 
low corrosivity potential, low plasticity, between.2 to 4 ft, to bed-
rock, and moderately susceptible to erosion, The calculation of the 
appropriate class index.is as follows: 
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Soil A: Geologic Constraint Index = 2[(1)+(0)+(0)] + 1 (0) I - 4 = 0.5 
Soil B: Geologic Constraint Ind~x .. 2[ ~ 2 )+C2)+Zl)] + 1 (l) i"' 2. 7 
Soil A's geologic constraint class quotient is typical of the major 
geologic constraint class while Soil B's quotient is typical of the minor 
geologic constraint class. Each soil in the study area was analyzed by 
this procedure and listed in order from highest quotient to the lowest. 
The quotient distribution was clustered near the middle. of the distribu-
tion with a few soils on either end, Soils with minor geologic con-
straints averaged a quotient index of ·2 or greater. Soils with moder~ 
. 
ate geologic constraints ranged from 1 to 2 and those.of majo~ 
geologic constraints, other than those with a high flood potential, 
generally were less than 1. 
Interpretations were required on some soils having a quotient great-
er than 2 because many are alluvial soil-s and therefore susceptible to 
floo_din~-·. The 2 soils of the Verdigris Soil Seri.e_s. both have index 
- ·- , - --."; . 
_·:.. . : -<~·~-~ -. ~-= - ~ . :·. ~ 
quotients above 2 which places them in the minor.geologic.constrafrtt'. 
class, but they are highly susceptible to flooding, As a result, the 
Verdigris Soil Series is given a major geologic constraint rating. 
Plate 12 shows geologic constraint zones between the maximum flood con-
trol pool (indicated by the dashed line on Plate 12) and the reservoir. 
as if they were not susceptible to flooding. This procedure was util-
ized because some construction, exclusive of housing, may be allowed by 
the U.S. Army Corps of Engineers in these areas, It should be stressed, 
however, that all land between the U.S. Ar~y Corps of Engineers maximum 
flood control pool (154 ft.) and the reservoir is potentially subject 
to flboding during periods of high precipitation in the Arkansas and 
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Cimarron River drainages. 
Plate 7 (depth to bedrock), Plate 8 (erosion susceptibility), Plate 
9 (corrosivity potential for un~oated steel pipe), Plate 10 (recreation-
al. suitability), and Plate 12 (geologic.constraint map for general land 
use) are generalized, interpretative, and should be used with consider~ 
able care. It should be stressed that.more detailed studies are neces-
sary for the evaluation of individual sites. 
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